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BETON AGGLOMERE 



MORTAR. 

1. Galcareoas mortar is compounded of one or more of the 
varieties of common lime, hydraulic lime, or hydraulic cement — 
natural or artificial — mixed with sand and water into a plastic 
condition. 

The degree of strength and hardness, and consequently the 
durability, attained by mortar in setting, is dependent on 
the quality of the lime or cement employed, the kind and quan- 
tity of sand, the method and degree of manipulation, and the 
position, with respect to moisture or dryness, in which it is 
subsequently placed. 

A mortar, of which the mati:ix is common lime only, will 
never harden under water, or to any considerable extent if kept 
in damp places, excluded from the air. A condition of con- 
stant humidity, on the contrary, is favorable to the indura- 
tion of all hydraulic mortars. 

CONCRETE OR B^TON. 

2. These terms, by no means originally synonymous, have be- 
come almost strictly so by usage. As generally received and 
understood in modem practice, they apply to any mixture of 
mortar, generally hydraulic, with coarse materials, such as 
gravel, pebbles, shells, or fragments of tile, brick, or stone. 
Two or more of these coarse ingredients, or all of them, may 
be mixed together. 

The matrix of b^ton was formerly understood to possess hy- 
draulic energy, while that of concrete, being derived from com- 
mon lime, did not. A concrete, destitute of hydraulic energy, 
is seldom used in works of importance at the present day. 

As lime, or cement paste, or a combination of the two, 
is the cementing substance or matrix in mortar, so mortar 
itself occupies a similar relation to concrete or bdton. The 
proportions of the ingredients, in either case, should be de- 
termined on the principle that the volume of matrix should 
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always he somewhat in excess of the volume of voids in the mate- 
rials to be united, the excess being added as a precaution 
against imperfect manipulation. 

BfeTON AGGLOMfiRfi. 

3. This name is given to a beton of very superior quality, or, 
more properly speaking, an artificial stone, of great strength 
and hardness, which has resulted from the experiments and 
researches, extending through many years, of M. Frangois 
Coignet, of Paris. 

The essential conditions which must be carefully observed in 
making this b6ton are as follows : 

First. Only materials of the first excellence of their kind, 
whether common or hydraulic lime, or hydraulic cement, can 
be used for the matrix. 

Second. The quantity of water must not exceed what is barely 
sufficient to convert the matrix into a stiff, viscous paste. 

Third. The matrix must be incorporated with the solid ingre- 
dients by a thorough and prolonged mixing or trituration, pro- 
ducing an artificial stone paste, decidedly incoherent in char- 
acter until compacted by pressure, in which every grain of sand 
and gravel is completely coated with a thin film of the paste. 
There must be no excess of paste when the matrix is common 
lime alone. With hydraulic lime this precaution is less im- 
portant, and with good cement it is unnecessary. 

Fourth. The beton or artificial stone is formed by thoroughly 
ramming the stone paste, in thin, successive layers, with iron- 
shod rammers. 

MATERIALS SUITABLE FOR B:6tON AGGLOM^R^. 

The materials employed in making this b^ton are as follows : 

4. Sand. — The sand should be as clean as that ordinarily 
required for mortar, for stone or brick masonry of good quality. 
Sand containing 5 or 6 per cent, of clay may be used without 
washing, for common work, by proportionally, increasing the 
amount of matrix. Either fine or coarse sand will answer, or, 
preferably, a mixture of both, containing gravel as large as a 
small pea, and even a small proportion of pebbles as large as 
a hazel nut. There is an advantage in mixing several sizes 
together, in such proportion as shall reduce the volume of voids 
to a minimum. Coarse sand makes a harder and stronger 
b<^.ton than fine sand. The extremes to be avoided are a too 
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minute subdivision and weakening of the matrix, by the use of 
fine sand only, on the one hand, and an undue enlargement of 
the volunie of voids, by the exclusive use of coarse sand, on the 
other. 

The silicious sands are considered the best, though all kinds 
are employed. When special results are desired in the way of 
strength, texture, or color, the sand should be selected accord- 
ingly. 

5. Common or fat lime. — The lime should be air-slaked, or, 
better still, it may be slaked by aspersion with the minimum 
quantity of water that will reduce it to an impalpable powder. 
It should be passed through a fine wire screen to exclude all 
lumps, and used within a day or two after slaking, or else kept 
in boxes or barrels protected from the atmosphere. 

It is scarcely practicable, under ordinary circumstances, to 
employ fat lime alone as the matrix of beton agglom^re, par- 
ticularly in monolithic constructions, in consequence of its 
tardy induration. Even when used in combination with 
hydraulic lime or cement it acts as a diluent. 

M. Goignet claims, with great confidence, if not with correct 
judgment, that good beton can be made with sand and fat lime 
alone, but it is not so employed in his artificial stone manufac- 
tory at St. Denis, and it is believed that all the works exe- 
cuted in b^ton by the company of which he is the head have 
contained hydraulic lime or cement. Attempts to make beton 
of even average quality, without good hydraulic ingredients, 
have failed in the United States ; and it is extremely doubt- 
ful whether any characteristic excellence can be attained, after 
the lapse of wrecks or even months, by a mixture of this character. 

When a matrix of fat lime alone must be employed for want 
of a better material, the manipulation should be conducted with 
watchful care. The quantity of water must be limited strictly 
to what is necessary to convert the lime powd^er into a stiff 
paste; and of this paste only enough jnust be used to cover 
each grain of sand and gravel with a thin, impalpable coating. 
The other conditions of prolonged trituration and thorough 
ramming, already referred to, are common to all varieties of this 
b^ton. 

6. Hydraulic lima — ^The most suitable limes are, like those 
of Theil, Seilley. and other localities in France, derived from 
the argillaceous limestones, in contradistinction to the magne- 
sian or argillo-magnesian varieties. These limestones contain 
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before burning from 16 to 26 per cent. — generally less than 20 
per cent.— of clay. After .burning, the lime is slaked to powder 
by aspersion with water, and sifted to exclude unslaked lumps. 

Hydraulic lime cannot be considered an esaiential ingredient 
of b^ton agglom6r6, except in comparison with common lime. 
It may be altogether replaced by good hydraulic cement, or it 
may be used alone, or mixed with common lime, to the entire 
exclusion of cement. A stiff paste of this lime should set in 
the air in from ten to fifteen hours, and sustain a wire, point 
one-twenty-fourth of an inch in diameter, loaded with one 
pound, in eighteen to twenty-four hours. Its energy, and 
therefore its value, varies directly with the amount of clay 
which it contains, which generally will not exceed 20 per cent, 
before burning, although it may reach 25 per cent. Beyond 
this point the burnt stone can seldom be reduced by slaking 
nnd becomes a cement. 

No hydraulic lime of this variety has ever been manufac- 
tured in the United States. It is not known that stone suit- 
able for it exists here. 

7. Among hydraulic limes, those of Theil and Seilley, France, 
may be assumed as of fair average quality. They have been 
extensively used in the works executed in b^ton agglom^re, 
under the supervision of M. Coignet. 

Theil lime alone supplied the matrix of the batons used in 
the construction of the light-house and jetties at Port Said, 
Egypt. Its light color renders it suitable for statuary and 
works of ornamentation, in which the delicate shades of gray 
and drab are desirable. 

8. Analysis of raw Theil limesone : 

Carbonate of lime 81.36 

Carbonate of ma^^nesia 1.00 

Clay 14.90 

Oxide of iron 1.70 

Water and bitumen 1.10 

9. The Theil hydraulic lime, slaked to an impalpable powder, 
weighs 71J pounds to the struck United States bushel, when 
poured into the measure loosely ; and 84J pounds, if compacted 
by shaking and jarring. Under the same condition, the Seilley 
lime weighs 54 pounds and 66 pounds, respectively. These 
weights were carefully determined from average samples taken 
from cargoes received in New York. 

10. Portland Cement. — The heavy slow-setting Portland 
cements, natural or artificial, are the only ones suitable for b^ton 



^ BfiTON AGGLOMfiRfi. 11 

agglom^r^. They are manufactured extensively throughout 
Europe. Among the most noted works are those at Boulogne- 
Sur-Mer and Seilley, in France ; at Bieberich, Limburg, and 
Stettin, in Germany; at Dresden, in Saxony, and several in the 
neighborhood of London and Liverpool, England. 

This cement is produced by burning, with a heat of great in- 
tensity and duration, argillaceous limestones, containing from 20 
to 22 per cent, of clay, or an artificial mixture of carbonate of lime 
and clay in similar proportions, and then reducing the product 
to fine powder between millstones. In this condition its weight 
should not fall short of 101 pounds and will seldom exceed 128 
pounds to the bushel, poured in loosely and struck, without being 
shaken down or compacted. Between these limits additional 
weight may always be conferred in the burning, by augment- 
ing the intensity and duration of the heat; and both the 
tensile strength, and the time required to set^ increase directly 
with the weight. For example, a Portland cement weighing 
100 pounds to the United States bushel, that will set in half an 
hour, and sustain when seven days old a tensile strain of 200 
pounds on a sectional area of one square inch, would have its 
time for setting increased to four or five hours, and its tensile 
strength to about 400 pounds, if burnt to weigh 124 pounds to 
the bushel. An increase in weight of 24 pounds to the bushel 
nearly doubles the ultimate tensile strength of Portland cement. 

When the matrix of b^ ton agglom^r^ is Portland cement alone, 
it is customary to prolong the process of trituration, in order to 
retard the set ; or, if more convenient, the mixture may be 
passed through the mill twice or even three times, with an 
interval of an hour or more between each mixing. This course 
is specially desirable when the cement weighs less than 100 
pounds to the bushel, and is correspondingly quick-setting. 

TESTS FOR PORTLAND CEMENT. 

11. English test. — English engineers generally require that 
the cement shall be ground so fine that at least 90 per cent, of 
it shall pass a I^o. 30 wire sieve, of 36 wires to the lineal inch, 
and shall weigh not less than 106 pounds to the struck bushel, 
when loosely poured into the measure. When made into a stiff 
paste without sand, it should be capable of sustaining without 
rupture, a tensile strain of 400 pounds on a sectional area IJ 
inch square, or 2J square inches, (equal to 178 pounds to the 
sectional square inch,) seven days after being moulded, the 
sample being immersed six of these days in fresh water. 
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In some cases a weight per bushel of 110 pounds, and a ten- 
sile strength, at the age named, of 222 pounds per square inch, 
are required. 

12. French test. — The tests applied by French engineers 
are iiot difficult to fulfil, and are considerably below what a 
good Portland cement will sustain. The cement must be 
ground to a fine powder, so that not more than 10 per cent, will 
fail to pass a ^o, 35 wire cloth of 47 meshes to the lineal inch, 
and weigh when loosely poured into the measure not less than 
1,230 grammes to the litre, which is equal to about 97 pounds 
to the United States bushel. 

The test of strength is applied to a stiff mortar composed 
of what is equivalent to about 3J quarts of dry sand and lOJ 
quarts of cement powder, which, being mixed with fresh water 
and formed in a suitable mould, is at once immersed in water. 
At the end of five days it should sustain a tensile strain of 167 
pounds on a section of 2.48 square inches, equal to 67J pounds 
to the sectional area of 1 square inchj and at the end of 45 days, 
immersed in sea-water, the tensile strength to the square inch 
must not fall short of 142 pounds. 

The cement is required to be slow-setting. Should a stiff' 
paste without sand sustain, in less than two hours, the point 
of a square needle, measuring 1^ millimetres (about xooo ^^ ^^ 
inch) on the side, loaded to 3^^^ pounds, it is rcoected. It is, 
however, required to support, without the least depression, the 
the same loaded needle at the expiration of ten hours. Samples 
from a cargo of Boulogne Portland cement, received in liTew 
York in July, 1870, weighed 97 pounds to the United States 
bushel when poured loosely into the measure, and 127 pounds 
when well compacted by shaking. 

13. German cement — The standard PortlaniJ cements of 
Germany generally range in w^eight, w^hen poured loosely into 
the measure, from 90 to 100 pounds to the struck United States 
bushel. A sample from a lot of Stettin cement weighed 89 
pounds to the bushel, loose, and 116 J pounds when well shaken. 
Another sample weighed 95 and 122 pounds respectively, simi- 
larly treated. 

14. Composition of Portland cement, (from analyses:) 

London Portland cement, (artificial.) 



Boulogne Portland cement, (natural.) 

Lime 65. 13 

Magnesia 58 

Silica 20. 42 

Alamiua and small quantity of oxide 
of iron 13. 87 

Sulphate of lime atrace 



From Messrs. J. B. White dk Brothers. 

Lime 68. 11 

Silica 20. 67 

Alumina 10. 43 

Oxide of iron 87 
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MATERIALS NOT SUITABLE FOR BETON AGGLOMER:^. ' 

15. As a rule, all hj^draulic cements produced at a low heat, 
whether derived from argillaceous or argillo-magnesian lime- 
stones, are light in weight and quick-setting, and never attain, 
when made into mortar or bdton, more than 30 to 33 per cent, 
of the strength and hardness of Portland cement placed in 
similar circumstances. They are also greatly inferior to good 
hydraulic lime. This is true of all cements made at a low heat, 
including even those deiived from limestones, that might, with 
proper burning, have yielded Portland cement. The celebrated 
[Roman cement, the twice-kilned^ artificial cements, the quick- 
setting French cement, like that of Vassy, and all the hydraulic 
cements manufactured at the present daj^ in the United States, 
belong to this category. They are incapable, under any known 
method or degree of manipulation, of producing a matrix suita- 
ble for beton agglomer^ of good quality. These kinds of 
cement generally weigh, among the different varieties, from 65 
to 80 pounds to the United States bushel, poured in loosely, 
and from 80 to 93 pounds if compacted by shaking and jarring 
the measure. 

The weight of Eosendale cement per bushel is 67 pounds 
when loose, and 92 pounds when well shaken down. 

16. Analyses of light, quick-setting cementlj: 



Mosendaie cement stone, (New T&rk.) 

Carbonate of lime 

Silica, clay, and insoluble silicates 

Carbonate of magnesia. 

Alumina 

Peroxide of iron 

Sulphuric acid 

Chlorides of potassium and sodium . . . 

Hygrometric water 

Loss 



. 46.00 
. 27.70 
. 17.76 
. 2.34 
. 1.26 
. .26 
. 4.02 
. .22 
. .44 

100.00 



Cumberland cement stone, (Maryland.) 

Carbonate of lime 41.80 

Silica, clay, and insoluble silicates 24. 74 

Magnesia 4. 10 

Alumina 16. 74 

Peroxide of iron : ." . . . 6. 30 

Soda 4. 64 

Potash 1.54 

Sulphuric acid 2. 22 

Hygrometric water 60 



Gain, (2.68).... lOg.68 



Va^y cement stone, (France.) 

Carbonate of lime 63. 8 

Silica 14. 

Alumina 5. 7 

Carbonate of iron 11. 6 

Carbonate of magnesia 1. 5 

Water and loss 3. 4 



100.00 



Balcony Falls stone, ( Virginia.) 

Lime 17.38 

Silica 34.22 

Alumina 7. 80 

Magnesia 9. 51 

Carbonic acid 30. 40 

Water and loss 69 



100.00 



For analyses of several other cements of this class, see Gillmore on Limes, 
&c., page 125. 
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THE INDURATION OF MORTARS. 

17. The setting or hardening of mortars, except so far as it is 
due in some degree to the absorption of carbonic acid from the 
atmosphere, is a species of crystallization induced when water is 
added to the compounds found in the kiln by the agency of heat. 

Mortars of^common lime harden by the absorption of carbonic 
acid from the atmosphere, by which a sub-carbonate of lime is 
formed. The lime never takes up its full equivalent of carbonic 
acid. 

If the limestone be silicious, the calcination produces silicate 

of lime. 

Si O3 3 Ca O, . 

which becomes hydrated by combining with six equivalents of 
water, producing hydrosilicate of lime, 

Si O3 3Ca 0+6 HO. - 

If the carbonate of lime be in excess in the stone, the burnt 
product will contain both silicate of lime, and quicklime, or 
protoxide of calcium. 

It will slake to powder by the suffusion of water, if the quick- 
lime be present in suflacient quantity, producing a species of hy- 
draulic lime, of which the hydraulic energy will depend on the 
amount of silicate produced during the calcination. 

If the limestone be argillaceous — ^that is, if it contain alumina 
as well as silica — a calcination at a low heat produces both sili- 
cate and aluminate of lime. The latter becomes hydrated by 
taking six equivalents of water, and is then represented by the 

formula 

Al O3 3 Ca 0+6 HO. 

If the silica and alumina be present in the form of homoge- 
neous clay, and in suitable quantity, say less than 20 per cent., 
the burnt stone will slake, yielding hydraulic lime resembling 
more or less those of Seilley and Theil, France. If more than 
20 per cent, of clay be present, the lime will be so little in excess 
that the burnt stone may not slake, but must be reduced to 
powder by grinding. The result, if burnt at a low heatj is light, 
quick-setting cement, like the Eoman. 

If this stone be burnt at a high heatj the reactions in the kiln 
are somewhat more complicated, particularly when the point 
of incipient vitrification is reached, a variable point, dependent 
in a great measure on the fluxes present in the stone. The com- 
pounds formed under these conditions, however, require but 
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three equivalents of water for their hydration, their formulas 

being 

AI2 O3 3 Ca 0+3 HO, 

Si O3 3 Ca 0+3 HO. 

Herein lies the i^robable cause, in a great measure, of the supe- 
rior strength and hardness attained by Portland cement over 
the quick-setting varieties burnt at a low heat, in which the 
compounds take six equivalents of water to form hydrates. 

Magnesia plays an important part in the setting of mortars 
derived from the argillo-magnesian limestones, such as those 
which furnish the Kosendale cements. 

The magnesia, like the lime, appears in the form of the car- 
bonate, (Mg O C O2.) During the calcination the carbonic acid 
is driven off, leaving protoxide of magnesia, (Mg O,) which 
comports itself like lime, in the presence of silica and alumina, 
by forming silicate of magnesia and aluminate of magnesia. 

Si O3 3Mg O, 

AI2 O3 3 Mg O. 

These compounds become hydrated in the presence of water, 
and are pronounced by both Vicat and Chatoney to furnish 
gangs which resist the dissolving action of sea water better than 
the silicate and aluminate of lime. This statement is doubtless 
correct, for we know that all of those compounds, whether in 
air or water, absorbs carbonic acid, and pass to the condition 
of sub-carbonates ; and that the carbonite of lime is more solu- 
ble in water holding carbonic acid and certain organic acids of 
the soil, in solution, than the carbonate of magnesia. 

Hence cements derived from argillo-magnesian limestones 
£lre durable for constructions in the sea, unless other ingredi- 
ents introduce adverse conditions. 

THE FABRICATION OF BIStONS AGGLOlVE&RlfiS. 

18. Experience has repeatedly demonstrated, and they have 
become well recognized facts, that in order to obtain uniformly 
good b^ton or artificial stone, with sand, and either hydraulic 
lime or Portland cement, or both, it is necessary— 

First To regulate, in a systematic manner, the amount of 
water employed in the manufacture thereof. 

Second. To obtain, with a minimum quantity of water, the 
cementing material or matrix in a state of plastic or viscous 
paste. 
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Third. To cause each grain of sand or gravel to be entirely 
lubricated with a thin film or coating of this paste ; and 

Fourth. To bring each and every grain into close and inti- 
mate contact with those which surround it. 

It is also equally true, that the best results possible to be 
produced from any given materials will be attained when the 
above-named conditions are enforced. 

TREATMENT OF THE MATRIX. 

19. It is impossible to produce a cementing material, of suit- 
able quality for beton agglom^r^, by the ordinary methods and 
machinery used for making mortars ; for if we take the powder 
of hydraulic lime or Portland cement, and add the quantity of 
water necessary to convert it into a paste by the usual treat- 
ment, it will usually contain so much moisture, even after being 
incorporated with the sand, that it cannot be compacted by 
ramming, but will yield under the repeated blows of the ram- 
mer like jelly. If the quantity of water be reduced to that point 
which would render the mixture, with the usual treatment, sus- 
ceptible of being thoroughly compacted by rammers, much of 
the cementing substance will remain more or less inert, and will 
perform but indifferently well the functions of a matrix. 

To prepare the matrix, there is taken of the hydraulic lime 
or cement powder, say one hundred parts, by measure, and of 
water from thirty to thirty-five or forty parts, which should be 
the smallest amount that will accomplish the object in view. 
These are introduced together into a suitable mill, acting upon 
the materials by both compresHon and friction, and are sub- 
jected to a thorough and prolonged trituration, until the result 
is a plastic, viscous, and sticky paste, of a peculiar character, in 
both its physical ai)pearance and the manner in which it com- 
ports itself under the subsequent treatment with rammers. 
There would appear to be no mystery in this part of the process, 
yet the excellence of the b6ton agglom^r^ is greatly dependent 
on its proper execution. 

If too much water be used, the mixture cannot be suitably 
rammed; if too little, it will be deficient in strength. 

TREATMENT OF THE SAND. 

20. The sand should be deprived of surplus moisture, although 
it is not necessary that it be absolutely dry. A uniform state 
of moisture or dryness should be aimed at, in order that the 
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proper quantity of water may be added with certainty. With 
regard to the selection of the sand, nothing need be added to 
what has been said in paragraph 4. 

TRITURATION. 

* 

21. The matrix in paste, and the sand, having been mixed to- 
gether in the desired proportions, (given hereafter,) are then 
introduced into a powerful mill, and subjected to a thorough and 
energetic trituration until, without the addition of more water, 
the paste presents the desired degree of homogeneit}' and plas- 
ticity. 

When, for any special purpose, it is desired to introduce into 
the mixture a quantity of Portland cement, in order to increase 
the hardness or the rapidity of induration, it had better be 
added during the process of trituration, mixed with the requi- 
site increment of water, so that after proper mixing the whole 
material will present the appearance of a short paste, or pasty 
powder, which is quite characteristic of this process of manip- 
ulation. 

In ordinary practice, when sand and hydraulic lime only are 
employed, it will be found to answer very well to mix the two 
together dry, with shovels, and then spread them out on the 
floor and sprinkle them with the requisite minimum amount of 
water. The dampened mixture is then shovelled into the mill 
and triturated, as already described. 

When a portion of Portland cement is used, it may also be 
incorporated with the other ingredients before the water is 
added, or introduced into the mixture in the mill, as may be 
preferred. 

When Portland alone is used for the matrix, the process is 
the same as when lime alone is used, except that the trituration 
should be more prolonged, especially if the cement be rather 
light and quick-setting. 

22. The market value of Portland cement per ton is gener- 
ally not far from double that of good hydraulic lime. Having 
both equally at command, the following proportions are em- 
ployed for divers purposes, according to circumstances and the 
quality of the materials : 



Sand, by volume 

Hydraulic lime in powder, by volume 

Portland cement in powder, by volume. . 



6 


5 


4 


5 


6 


4 


4 


5 


5 


5 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 











i 


i 


i 


h 


1 


u 


u 
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It will rarely occur that the proportions given in the two 
columns on the right of the above table need be used. They 
are suitable for ornamented blocks, requiring removal and 
handling a day or two after being made. 

23. It may sometimes hai)peri that too much water has been 
introduced in the preparation of the paste. A proper correct- 
ive, in such case, is the introduction into the mill of a suitable 
quantity of each of the ingredients, mixed together dry in the 
required proportions. 

By employing none but white sand and the lighter-colored 
varieties of lime and cement, a stone closely imitating white 
marble may be made, while, by the introduction of coloring 
matter into the paste, such as ochres, oxides, carbonates, &c., 
or fragments of natural stones, any variations in shade or tex- 
ture may be produced, from the most delicate buff and drab, to 
the darkest grays and browns. 

In some cases it may be found more convenient to measure 
the ingredients directly into the mill, alternatiug with the 
different materials, in regular order, using for the purpose 
measures of various sizes, corresponding with the required 
proportions. 

When it is specially desirable to obtain stone of the maxi- 
mum degree of strength and hardness, the paste may be 
returned a second or even a third time to the mill, but in all 
cases the mass must be brought to the characteristic state of 
incoherent pasty powder, or short paste. 

AGGLOMERATION. 

24. The materials, after being mixed to a state of pasty pow- 
der, have to be agglomerated in moulds, in order to become 
b^ton or artificial stone. In other words, the grains of sand 
and gravel, each coated all over with a thin film of the 
matrix — entirely exhausting the matrix thereby — ^have to be 
brought into close and intimate contact with each other. This 
is accomplished by ramming the paste in thin, successive layers, 
in a mould of the form and dimensions required for the stone, 
and made so as to be capable of sustaining heavy pressure from 
within, and of being taken apart at pleasure. 

Into this mould, supposing it to be for a detached building 
block, and not for monolithic masonry, a quantity of the stone 
paste is thrown with a shovel, and spread out in a layer from 
1^ to 2 inches thick. It is then thoroughly compacted by the 
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repeated and systematic blows of an iron-shod rammer, until 
the stratum of material is reduced to about one-third its origi- 
nal thickness. When this is done, its surface is scratched or 
roughened up with an iron rake, in order to secure a perfect 
bond with the succeeding stratum, and more of the material is 
added and packed in the same manner. This process is con- 
tinued until the mould is full. The upper surface is then 
struck with a straight-edge, and smoothed off with a trowel, 
after which the full mould may at once be turned over on a 
bed of sand, and the bottom, side, and end pieces removed. 
The block is then finished. If small, such as one man can 
handle, it may be safely removed after one day. Larger pieces, 
like sills, lintels, steps, platforms, &c., should be allowed a 
longer time to harden, in consequence of their greater weight. 
In case of monolithic masonry, the moulds usually consist of a 
series of planks placed one above the other horizontally, and 
supported against exterior uprights, so arranged as to give the 
required form to the work under construction. These planks 
are raised up as the wall progresses, so that each day's work 
shall unite intimately with that of the previous day, producing 
a smooth and even surface, without joints, ridges, or marks of 
any kind. 

25. A characteristic property of this stone paste, when prop- 
erly mixed, is that it does not assume a jelly-like motion when 
rammed. 

Its degree of moisture must be precisely such that the effect 
of each blow of the rammer shall be distinct, local, and perma- 
nent, without disturbing the contiguous material compacted by 
previous blows. If it be too moist, the mass will shake like 
wet clay, and if it be too dry, it will break up around the ram- 
mer like sand. In either case the materials cannot be com- 
pacted and agglomerated in that manner and to that degree 
which is characteristic of, and peculiar to, b^ton agglomer^. 

26. In monolithic buildings of this b6ton, it is customary to 
construct all the flues, pipes, and other openings for heating 
and ventilating, and for conveying water, gas, and smoke, 
in the thickness of the wall, by using movable cores of the 
required size and form, around which the material is packed. 
As the work progresses the cores are moved up. 

Ornamental work of simple design may be placed upon the 
exterior of the building, by attaching the moulds to the plank- 
ing which gives form to the wall. 
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More elaborate designs, especially if tliey are of bold relief, 
like cornices, and hoods for windows and doors, had better be 
moulded in detached pieces some days in advance, and hoisted 
into position when required. 

27. All kinds of masonry in thin walls, whether of brick, 
stone, common concrete, or b6ton agglomer^, are liable to crack 
from unequal settlement, or from the expansion and contraction 
due to ordinary changes of temperature. In houses, such 
cracks are more to be apprehended at the reentering angles of 
the exterior walls, and at the junctions of the exterior and par- 
tition walls, than elsewhere. In concrete or b^ton masonry, 
such cracks m^-y be prevented in a great measure, without 
inconvenience and at a nominal cost, by imbedding and incor- 
porating in the work as it progresses, at the angles and junc- 
tions referred to, pieces of old scrap-iron of irregular shape, 
such as bolts, rings, hooks, clamps, wire, &c. 

28. Any masonry of fair quality, constructed in large masses 
with special reference to inertia, whether to resist the thrusts 
of earthen embankments, the statical pressure of water, the 
force of the current in running streams, or for any other pur- 
pose, possesses a degree of ultimate strength much greater 
than the usual factor of safety would require, and largely in 
excess of any strain that it would ever have to sustain. This 
excess of strength, or rather the material which confers it, may 
be readily saved in works built of b^ton agglom^r^, by leaving 
large hollows or voids in the heart of the wall, and filling them 
up with sand or heavy earth. 

Even if the voids remain unfilled, a hollow wall is more stable 
than a solid one containing the same quantity of material, for 
the reason that the moments of the forces which confer sta- 
bility are greater in the former than in the latter. 

MACHINERY AND IMPLEMENTS. 

29. All the machinery and api)liances for making b^ton 
agglom6r6 are simple in character, and not liable to get out of 
order with use. 

They comprise, besides the necessary shovels and measures 
for handling and apportioning the ingredients, 

1. A machine for mixing the materials together. 

2. The means for conveying it, after mixing, to the place 

where it is to be used. 

3. Kammers for compacting the materials in the moulds. 

4. Moulds, of the required form. 
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30. Mixing machine. — The first requiste is a machine that 
shall thoroughly and uniformly mix the ingredients together. 
It has been found in practice that a combined pressing and 
rolling motion secures the best results. 

31. The ordinary upright pug millj modified in some of its de- 
tails, answers this purpose. It is cylindrical in form, made of 
boiler iron, and has a vertical revolving shaft in the axis, armed 
with horizontal radial arms or knives, arranged spirally around 
it. OtheY horizontal arms are attached to the inner surface of 
the cylinder, projecting out between the revolving arms, so as 
to subdivide the materials and aid the mixing. Three or four 
of the revolving arms, near the lower end of the shaft, are made 
warped, or helicoidal, like the blades of a screw-propeller, to 
press down as well as stir the mixture ; and below these, revolv- 
ing near the fioor or bottom of the mill, are three cycloidal arms, 
to force out the mixed materials at the side openings around the 
bottom, whence it is at once conveyed away for use. These 
openings are provided with cylindrical sliding gates, by means 
of which their area may be diminished, and the rapidity with 
which the material is expelled, retarded, whenever, for special 
purposes, a prolonged trituration is desirable. 

As the bdton, ready for use, is ejected at the bottom, the 
cylinder is kept full by new material introduced at the top, a 
measure of cement, lime and sand, incorporated dry, alternating 
with a proportionate measure of water. 

In operating with mills of large capacity, there is an advantage 
in conveying up the materials with an elevator discharging its 
buckets into an inclined shoot leading into the mouth of the 
cylinder. 

The requisite amount of water may be supplied by constant 
flow from a pipe. This amount must, however, be ascertained 
by trial, and will vary with the character and the proportions of 
the lime and cement used. 

In conducting extensive operations the mill should be worked 
by steam-power. 

32. The Oreyveldinger mortar mill is believed to be fully equal, 
if not superior, to the pug mill. It is an Archimedean screw, 
revolving in a cylindrical trough. The drj^ ingredients of the 
b^ton, having first been roughly mixed with shovels, are intro- 
duced at one end of the screw with the requisite amount of 
water, and after an interval of fifteen or twenty secouds issue 
from the other end in a condition of thoroughly mixed beton. 
When used for making common mortar, the screw may occupy 
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a horizontal position, but for b^ton agglom^r^ it is better to 
have it set at an angle of about twenty-five degrees with the 
horizon, in order that the benefits of the trituration and pressure, 
developed in forcing the material up the inclined cylinder, may 
be secured. A convenient way of accomplishing this object is to 
mount the machine on wheels like a cart, as shown in Plate III. 

A mortar mill of this kind, set horizontally, of suitable size to 
be driv en by a half-horse-power engine, can make 38^-^ cubic 
yards of mortar in ten hours, the force required to tend it being 
8 common laborers, 1 foreman, and 1 engineer. 

Estimating common labor at $1 70 per day, and the wages of 
engineer and foreman at $2 50 and $2, respectively, the cost of 
making mortar by this mill, including the coal, would be 48 
cents per cubic yard. The more thorough and prolonged tritu- 
ration required for b^ton agglom^r^, and the additional power 
expended in forcing the mixture up the inclined cylinder, would 
augment the cost about 10 i)er cent. 

33. The malazator. — Many advantages are claimed for a mill 
designed by M. Coignet, recently introduced in France, and em- 
ployed in mixing b^ton agglom^r^ for the works in and about 
Paris. It is called a malaxator, and consists of twin screws, 
having their helices interlocked, and turning and exerting their 
force in the same direction. This machine may be described 
as follows : (See PUte II.) 

A is the frame of the machine, having at the ui)per end the 
cross-pieces B, upon which are mounted the gearings, and at 
the lower part the cross-piece c c', upon which are fixed the rests 
or steps for the lower part of the helices to run in. 

D are the cores of the helices, upon which are fastened either 
continuous or interrupted blades S S S, forming the thread of 
the helix. Continuous blades are more generally used. 

K are wagon-wheels, mounted on an axle, which enable the 
machine to be transported thereon, and which, when the ma- 
chine is in use, serve to maintain the malaxator at its proper 
inclination, (about twenty-five degrees.) The brace J is used to 
steady the malaxator. 

M N m K', gearings of any kind for giving motion to the 
helices, either by steam, horse-power, or hand-power; g, coni- 
cal sleeves or stoppers, adjustable upon the shafts D, for regu- 
lating the exodus of the artificial stone paste, and by retarding 
the same, increasing the pressure and malaxation of the paste 
in the part Q' of the machine. 
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Q, body of the malaxator, corresponding in shape and size to 
the helices. 

P, receiving chamber, where the materials enter the malaxator. 

T, sand hopper, with its adjustable register or gate f, and, 
when required, a sifting apparatus ; g', sliding gate, to allow 
of the drainage of the machine. 

S' S', feeding screws, working in the lower part of the two 
hoppers WWj the one for lime, the other for sand, or any 
other material or substance to be introduced into the ar- 
tificial stone past«, and feeding the same to the chamber P ; 
r r' r" r'"^ pulleys, for chains or belts ^, for transmitting the move- 
ment to the feeding screws S' S' ; V t", spur-wheel and pinion, 
(changeable for others of different relative speed,) for regulating 
the exact amount of the two substances in the hoppers E' K', to 
be delivered, in so many turns of the helices, into the receiving 
chamber P. 

Z is a pipe for supplying the water, for which there is an 
overflow at W. The sand being drowned or fully saturated in 
a given proportion, by varying the overflow W, gives the proper 
amount of water for each turn of the helices. 

H are movable wooden shafts, which are placed in proper 
straps in the machine, and serve to hitch or harness a horse 
to the same when it has to be taken from one place to another, 
making it a perfect wagon. 

The advantages claimed for the malaxator are the following : 

First. The apparatus, having the receiving chamber P upon 
the ground, is fed easily, witji little labor ; and the part Q', or 
delivery, being elevated, allows of a wheelbarrow or basket 
being placed under to receive the artificial stone paste. This 
inclination also causes a more powerful malaxation, by retard- 
ing the progress of the matter, owing to the specific gravity. 

Second. The gearings are out of the way, away from sand, 
water, dust, &c. 

Third. The helices having their blades interlaid, their action 
upon the materials is of quite a different character than when 
said helices are not thus conjugated. ^ 

Fourth. The sand is gauged by a register. The lime and the 
hydraulic cement, the coloring matter, texture giver, or any 
other material used, may be also fed automically, and the 
machine once set by the inspector, the product is invariably 
the same, besides saving the labor of a hand whose trustwor- 
thiness is required to obtain good results. The continuous 
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introduction, by small and regular quantities, of the different 
substances, and the constant amount of water supplied to the 
sand, place the materials in the best of circumstances for pro- 
ducing, by proper action of the helices, an excellent result, 
difficult to attain if the component ingredients had been thrown 
in by shovel or basketfhls at a time. 

Two of these machines are in use in New York, making b^ton 
agglom6r6,and produce excellent results. They are operated 
without the hoppers W R' or the feeding screws and pulleys 
connected therewith, the materials, (cement, lime, and sand,) 
roughly mixed together dry, being thrown directly into the 
hopper T. 

34. Rammers. — ^The rammers weigh from iifteen to twenty 
pounds, and are made by attaching blocks of hard wood to 
handles three and a half to four feet in length. They are plied 
in an upright position. The face is rectangular, measuring 
from two and a half to three inches by from seven to eight, and 
is covered with an iron plate. 

35. To transport the mixed b^ton to the work under con- 
struction, wheelbarrows, when admissible, are generally used. 
Buckets, baskets, or hods are required when it has to be carried 
up ladders or steep ascents. In extensive operations it could 
be hoisted by the power which drives the mill. 

36. The weights of the materials used in the original tables 
of this report are given below : 



Boulogne Portland cement, loosely measured 

Boulogne Portland cement, well shaken down 

German Portland cement, loosely measured 

German Portland cement, well shaken down 

American Bosendale cement, loosely measured 

American Rosendale cement, well shaken down 

Theil hydraulic lime, loosely measured 

Theil hydraulic lime, well shaken down 

SeiUey hydraulic lime, loosely measured 

Seilley hydraulic lime, well shaken down , 

Glen's Falls, N. Y., fat lime in powder, loosely measured 
Glen's Falls, N. Y., flat lime in powder, well shaken down. 

Coarse and, fine pit sand, loosely measured, dry 

Coarse and fine pit sand, well shaken down 

The sand contained all sizes, up to 1-10 inch diameter. . . 

Coarse gravel and pebble, loosely measured 

Coarse gravel and pebble, well shaken down 



Per cubic foot. 



Pounds. 
77J to 87 j 
101 to 105J 
71.9 to 76i 
93| to 98 1.6 
54. 1 to 59} 
71i to 74 1-6 
57i 

en 

43 
53 
29| 
37 
94i 
104i 



Per U.S. bushel. 



lOli 
108} 



Pounds. 

97 to 109 
127 to 131 

89 to 95 
116i to 182 

67 to 74 

89 to 92 

7U 
84i 
54 
66 
37i 
46 
117 
129 



126 
135 
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The gravel was screened from everything ^smaller than a pea, 
and contained all sizes from that np to a pigeon's egg. 

37. The relation existing between the weight and the tensile 
strength of Portland cement, already referred to, is shown in the 
following table, compiled from Mr. Grant's experiments in 
England. The principle that the strength increases with the 
weight has been quite thoroughly verified with Portland 
cements, recently made on a small scale in I^ew York. The 
cements in the table contained no sand, were seven days old, 
(being the last six days in water,) and the sectional area of 
rupture was 2 J square inches, reduced in table to 1 square inch. 

Table L — {From Mr, Granfa experiments,) 

TENBILB STRBNGTH OF ENGLISH PORTLAKD CEMENTS OF VABI0U8 WEIGHTS, WITHOUT SAND. 



Weight of cement 
I)owder, loosely 
measared, per U. 
S. bushel. 


Tensile strength per 
square inch ; blocks 
7 days old ; in water 
6 days. 


Weight of cement 
powder, per TJ. S. 
busheL 


Tensile strength per 
square inch; blocks 
7 days old ; in water 
6 days. 


Pounds. 
103 


Poundt, 
336 


Pounds. 
117 


Pounds. 
319 


105 


290 


119 


386 


107 


311 


ISl 


363 


109 


308 


133 


338 


111 


313 


135 


408 


113 


330 


136 


406- 


115 


315 








• 

« 



38. The following table shows the tensile strength of Boulogne 
Portland and American Bosendale cements, separately, and 
also when mixed together in various proportions without sand. 
The Portland weighed, to the United States bushel, 97 pounds 
when loose, and 127 pounds when compacted by shaking, and 
the Eosendale 67 pounds loose and 90 pounds compacted. The 
Bosendale cement was made by the Lawrenceville Cement Com- 
pany. The area of rupture was 2J square inches, reduced in 
the table to 1 square inch. The blocks were made with very 
little water and were rammed like b^ton agglom6r6. They were 
seven days old, having been six days in water. 
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The results gi\^en in Tables II and III are the averages 
obtained by testing several samples, generally four, of each 
particular mixture. 

40. In preparing the following table, some of the samples 
were mixed with a very small quantity of water, and rammed 
into the mould, as described for making b^ton agglom^re, while 
others were made plastic like over-stiff mason's mortar, and 
pressed firmly into the mould with a trowel, care being taken 
in each case to render the mixture as compact as possible. 

The results indicate, with great prominence, the advantages 
of using but a small amount of water, and of thorough ramming. 

The proportions of dry ingredients by weight only are given, 
the corresponding proportion by volume having been recorded 
in Table II and III. 



Table IV. — {From General Gilhnor^s experiments,) 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


Proportions of dry [ingredients, by weight. 


How mixed and treated. 


Tensile strength 
per sq. inch ; 
blocks 7 days 
old ; in water 
6 days. 


Portland cement. 1 : sand, i 


Like b6ton agglom6r6. . . 
Like comluon mortar. . . 
Like b6ton agglom6r6 . . 

Like common mortar 

Like b^ton agglom6r6 . . 

Like common mortar 

Like b6ton agglom6r6. . . 
Like common mortar. . . 
Like b6ton agglom6r6 . . 

Like common mortar 

Like b6ton agglom6r6 . . 

Like common mortar 

Like b6ton agglom6r6 . . 

Like common mortar 

Likeb^ton agglom6r6 .. 

Like common mortar 

Like b^ton agglom6r6 . . 
Like common mortar 


Pounds. 
377 
289 
320 
222 
244 
197 
179 
129 
138 
109 

66 

35 

39 

24 

96 

40 
129 

44 


Portland cement, 1 : sand, i 


Portland cement. 1 : sand, h 


Portland cement, 1 ; sand, J 


Portland cement, 1 : sand, 1 


Portland cement, 1 ; sand, 1 


Portland cement, 1 ; sand, IJ 


Portland cement, 1 : sand, Ik 


Portl£^d cement, 1 ; sand, 2 


Portland cement, 1 : sand, 2 


Portland cement, 1 : sand, 6 


Portland cement, 1 : sand, 6 


Portland cement, 1 ; sand, 8 


Portland cement, 1 : sand, 8 


Hosendale cement, 1 ; Portland cement, i 
Bosendale cement, 1 ; Portland cement, | 
Hosendale cement, 1 ; Portland cement, i 
Bosendale cement, 1 ; Portland cement, ^ 



41. Tensile strength of cements made by the Newark and 
Bosendale Cement Company, mixed with little water and 
rammed into moulds like b6ton agglom6re. 



BfiTON AGGLOMfiRfi. 
Table V. — (From General Gillmore^s experiments.) 
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Tensile strength 
per square inch ; 
blocks 7 days 
old ; in water 6 
days. 


No. 

1 
2 
3 
4 
5 
6 


By weight. 


By volume, loosely 
measured. 


By volume, well- 
shaken. 


Rosendale cement, 

pure. 
Rosendale cement, 

1 ; sand, 1. 
Rosendale cement, 

1 ; sand, 2. 
Rosendale cement, 

1 ; sand, 3. 
Rosendale cement, 

1 ; sand, 4. 
Rosendale cement, 

1 ; sand, 6. 






Pounds. 
72 

51 

40 

• 

33 

22 
(*) 






Rosendale cement, 1 ; 

sand, 1. 2. 
Rosendale cement, 1 ; 

sand, 1. 8. 
Rosendale cement, 1; 

sand, 2. 4. 
Rosendale cement, 1 ; 

sand, 3. 6. 


Rosendale cement, 

1 ; sand, 1. 4. 
Rosendale cement, 

1 ; sand, 2. 
Rosendale cement, 

1 ; sand, 2. 8. 
Rosendale cement, 

' 1 ; sand, 4. 



* Less than 10 pounds. 

The mixtures used for Table V were made with little water, 
and were in all respects manipulated and treated like b^ton 
agglomer6, as far as this could be done by hand. The point 
arrived at was to use as much water as possible without ren- 
dering the compound so wet that it could not be thoroughly 
compacted by rammings. 

If water enough be used to make the mixtures plastic, like 
masons' mortar, the tensile strength is very greatly diminished, 
in proportion to the amount of water used. 

42. The Rosendale cements vary greatly in quality from time 
to time, depending on the greater or less care used in selecting 
the stone from the several layers as they are taken out of the 
quarry. 

It is only when special pains are taken in its manufacture 
that an article can be produced capable of sustaining a tensile 
strain of 70 pounds to the square inch upon blocks seven days 
old, made plastic like mortar, but without sand. 

When made and compacted like beton agglom^r^ the strength 
is about doubled. The average quality ranges considerably 
below this strength, sometimes as low indeed as 25 pounds to 
the square inch. All the several brands may reach both these 
limits in the course of a single season. A tensile strength of 
65 pounds to the square inch in seven days is seldom exceeded 
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by any of them, while, exceptionally, some are adulterated to 
a strength of only 18 pounds. 

Samples of Eosendale cement brought to the New York mar- 
ket during the same week in the month of August, 1870, by five 
different companies were tested with the results recorded below 
in Table YI. 

43. Tensile strength of several Eosendale cements, without 
sand, mixed to a stiff paste. 



Table VI. — (From General Gillmore^s expennveiiU.) 





Tensile strenth per square 
inch; blocks seven days 
old ; In water six days. 


Number one 


64 pounds. 

65 {)ounds. 
39 pounds. 
39 pounds. 
28 pounds. 


Number two 


Number three . 


Number four. 


Number five ,-.... 





44. Tables II, III, lY, Y, and YI afford the means of com- 
paring the tensile strength of Portland cement, in various com- 
binations and under various conditions, with Eosendale cement 
similarly treated, the mixtures being in every case kept one 
day in the air and six days in water, and broken when seven 
days old. 

The diagram, Plate I, shows the progressive increase of 
strength with age of Portland cement mortars, compiled from 
trustworthy authority. 

It will be seen by inspection that the cements of the diagram 
were inferior, when seven days old, to those of Tables II and 
III, while they range between the strongest and weakest of 
those of Table I. 

45. The mortars which furnished the following table (YII) 
were mixed in the summer of 1869, and were left in one of the 
casemates of Fort Tompkins, covered with sand, until fifteen 
months old, when they were broken. They were kept in a damp 
condition, but were never immersed in or wet with water. They 
therefore attained their age under circumstances not specially 
favorable to induration, and the results are not considered of 
great value. 
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The Portland cement weighed 98 pounds, the American 
cements 67 to 68 pounds, and the sand 114 pounds to the 
bushel, loosely measured. The lime was the common or fat 
lime from Glen's Falls, New York, and was slaked to a paste. 
The several mixtures were made up soft, like masons' mortar, 
and therefore could not be compacted by ramming, like beton 
agglom^r^. 

Table VII. — (From General Gillmor^s experiments.) 



No. 



1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Proportions of ingredients, by rolume. 



Boulogne Portland cement, without sand 

Belafleld & Baxter's Kosendale cement, without sand 

Bondurant & Ford's Louisville cement, without sand 

Coplay (Pennsylvania) cement, without sand 

Boulogne Portland cement, 1 ; sand, 1 

Boulogne Portland cement, 1 ; sand, 3 

Delafield & Baxter's Hosendale cement, 1 ; sand, 1 

Delafleld & Baxter's Bosendale cement, 1 ; sand, 3 

Bondurant & Ford's Louisville cement, 1 ; sand, 1 

Bondurant & Ford's Louisville cement, 1 ; sand, 3 

Coplay (Pennsylvania) cement, 1 ; sand, 1 

Portland cement paste, 1 ; fat lime paste, 1 : of this mixture, 1 
volume ; of sand, 3 volumes. 

Delafield & Baxter's cement paste, 1 ; fat lime paste, 1 : of this 
mixture, 1 volume ; of sand, 3 volumes. 

Bondurant & Ford's cement paste, 1 ; fat lime paste, 1 : of this 
mixture, 1 volume ; of sand, 3 volumes. 

Coplay cement paste, 1 ; fat lime paste, 1 : of this mixture, 1 vol- 
ume ; of sand, 3 volumes. 



Tensile strength , 
per square inch ; I 
blocks 15 months 
old. 



Pounds. 
496 
154 
151 
139 
320 
160 
132 

63 
123 

51 

81 

80 

39 
44 
31 



46. Some trials of artificial Portland cement, manufactured 
at Stettin, Germany, weighing 89 pounds to the United States 
bushel, loosely measured, and 122 pounds when well compacted 
by shaking, gave the results recorded in Table YIII. 
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47. All attempts to cheapen a matrix of Portland cement, by 
the substitution of common lime for a portion of the cement, 
result ill a sacrifice of strength in proportion to the extent of 
the adulteration, and the ratio of loss is not mat^ially changed 
by the increased induration due to age. This is specially true 
in thick walls or other large masses of masonry, of which the 
portion which hardens by desiccation, and the absorption of 
carbonic acid at the surface, forms but a small proportion of 
the entire mass. ♦ 

When, however, the matrix is cement alone, and the propor- 
tion of sand is so large that the grains are not all coated, and 
the voids not all filled or nearly so, increased strength of the 
mortar h^ton is secured by adding a small quantity of common 
lime. The result is that both the strength of the matrix and 
the porosity of the mixture are diminished. The aggregate 
volume, however, remains the same, while the section of rup- 
ture upon the same area, and the rupturing force, are both 
augmented. 

In other words, with large doses of sand and a cement mat- 
rix — for example, when the volume of the sand exceeds five 
times that of the cement loosely measured — there is an advan- 
tage in increasing the volume of the matrix at the expense of 
its strength, by adding common lime powder, within the limits 
generally of one-fourth of the weight, or eight-tenths of the 
volume, of the cement. 

48. The following table shows the effect which common lime 
powder, added to Boulogne Portland cement, has upon the 
tensile strength of blocks one week old. The materials were 
mixed together with a small amount of water, as much, how- 
ever, as they would take without becoming plastic. The mix- 
ture was firmly compacted in the moulds by ramming. 

3 
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Table IX. — (From General Gillmore^s experiments.) 





PROPORTIONS OF THE DRY INGREDIENTS. 


Tensile strength 
per sq. inch; 
blocks 7 days 
old; in water 
5 days. 


No. 

1 
2 
3 
4 
5 

1 — . 


• 

By weight. 


By volume, loosely measured. 


P«firtland cement, neat 


• 


Pounds. 

481* 

291 
281 
176 
132 


Portland cement. 1 


Portland cement, 1 i 

Common lime powder, 0. 4 . . . i 

Portland cement, 1 \ 

Common lime powder, 0. 8. . . i 

Portland cement, 1 ^ 

Common lime powder, 1. 6. . . c 

Portland cement, 1 { 

Common lime powder, 2. 4 ... i 


Common lime powder, J 

Portland cement. 1 


Common lime powder, i 

Portland cement. 1 


Common lime powder, J 

Portland cement, 1 

Common lime powder, | 



* Portland cement rarely attains this strength in seven days. 

49. Strength of English Portland cement to resist compres- 
sion ; from trials with bricks 2f inches thick, 9 inches long, and 
4 J inches wide; area under pressure, 9 inches x 4J inches, 
equal to an area of 38J inches. 

Table X. — (From Mr, GranVs expeiiments.) 



Proportions. 


Age of bricks. 


TotaJ crush- 
ing weight. 


Crushing weight 
per square inch. 






Tons. 


Pounds. 


^eat cement 


3 months 


65 


3, 806. 5 
2. 518. 3 


1 volume cement, 1 volume sand 


3 months 


43 


1 volume cement, 2 volumes sand 


3 months 


34 


1, 991. 2 


1 volume cement, 3 volumes sand 


3 months 


24 


1, 405. 6 


1 volume cement, 4 volumes sand 


3 months 


23 


1, 347. 


1 volume cement, 5 volumes sand 


B months 


16 


938.0 


Nftat RATnnnt 


6 months 


92 


5,388.0 
3, 455. 3 


1 volume cement, 1 volume sand 


6 months 


59 


1 volume cement, 2 volumes sand 


6 months 


47 


2,752.6 


1 volume cement, 3 volumes sand 


6 months 


37 


2, 167. 


1 volume cement, 4 volumes sand 


6 months 


31 


1, 815. 5 


1 volume cement, 5 volumes sand 


6 months 


26 


1,522.7 


Neat cement 


9 months 


102 


5, 973. 6 


1 volume cement, 1 volume sand 


9 months 


78 


4,56ao 


1 volume cement, 2 volumes sand 


9 months 


62 


3, 631. 


1 volume cement, 3 volumes sand 


9 months 


41 


2, 40L 2 


1 volume cement, 4 volumes sand 


9 months 


33 


2,225.5 


1 volume cement, 5 volumes sand 


9 months 


29 


1, 69a 4 
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The foregoing table (Table X) is defective iii that it does 
not give the weight of the cement employed in the trials. 

The tensile strength of Portland cements, as already stated, 
may be doubled by a judicious increase of the intensity of the 
heat in burning, and the presumption is that their capacity to 
resist compression may be augmented, possibly to as great a 
degree, by the same means. 

50. The strength of Boulogne Portland, and American Eosen- 
dale cements to resist compression is shown in the following 
table, from tests applied to blocks 3 J inches wide, 5^ inches long, 
and 3 inches thick, the area under i)ressure being 19J square 
inches. 

The Portland cement weighed 127 pounds, and the Rosendale 
92 pounds to the United States bushel, both being well com- 
pacted by shaking. When tested, the blocks were seven days 
old, having been six days in water. Some of them were made 
with little water and thoroughly rammed^ like beton agglom^re ; 
others were treated like over-stiff masons' mortar, firmly pressed 
into the moulds with a trowel. 

The Rosendale cement was manufactured by Messrs. Delafield 
& Baxter, at High Falls, Ulster County, New York. 
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Remarks on the triah which fwnished the Table XL 

The blocks were crushed in a hydraulic press. They rested upon a thin 
layer of dry sand, in order to secure a better bearing. Sand was also spread 
evenly over the top surface of each block. Owing to inaccuracies in their 
form, and inequalities in the bearing surface, the tendency of the strain, 
"when first applied, was to break the blocks transversely, long before the 
ultimate crushing weight was reached. In practice it is almost as difficult 
to guard against the error thus introduced as it is to compute its value. 
The circumstances attending the trials are therefore recorded as they 
occurred, as follows : 

No. 1. Cracked in two at 5,000 i)ound8, and crushed into several pieces at 
14,000 pounds. 

No. 2. Crushed into several pieces at 2,000 pounds. 

No. 3. One transverse crack at 35,000 pounds, dividing the block into two 
pieces. Another crack at 55,000 pounds through one of the pieces. No more 
pressure could be produced by the machine. The block was removed in 
three solid pieces, but was not crushed. 

No. 4. Cracked at 38,000 pounds, and crushed into several pieces at 50,000 
pounds. 

No. 5. Cracked at 3,000 pounds, and crushed into many pieces at 6,000 
pounds. 

No. 6. Cracked at 600 pounds, and crushed at 1,000 pounds. 

No. 7. Cracked at 32,000 pounds, and crushed at 54,000 pounds ; one piece 
being about one-third the volume of the entire block. 

No. 8. Cracked at 10,000 pounds, and went into pieces at 20,000 pounds. 

No. 9. Crushed into many pieces at 2,200 pounds. 

No. 10. Crushed into many pieces at 1,200 pounds. 

No. 11. One crack at 8,000 pounds, another at 26,000 pounds, and crushed 
suddenly into five pieces at 28,000 pounds. 

No. 12. One crack at 12,000 pounds, another at 17,000 pounds, and cnished 
at 19,000 pounds. 

No. 13. One crack at 1,000 pounds, and crushed at 3,000 pounds. 

No. 15. One crack at 7,000 pounds, another at 13,000 pounds, and crushed 
into many pieces at 18,000 pounds. 

No. 16. Cracked at 9,000 pounds, and crushed into many pieces at 14,000 
pounds. 

No. 17. Crushed into small pieces at 1,000 pounds. 

No. 19. Crushed into pieces at 10,000 pounds. 

No. 20. Crushed into pieces at 5,000 pounds. 

No. 21. Crushed into pieces at 9,000 pounds. 

No. 23. Crushed into pieces at 5,000 pounds. 

No. 24. Crushed into pieces at 2,000 pounds. 

51. The following table (XII) shows the strength to resist com- 
pression, of b^ton or concrete composed of cement, sand, gravel, 
and pebbles. The gravel and pebbles were procured by screen- 
ing gravel from the sea-shore so as to remove everything smaller 
than one-eighth to one-sixth of an inch in diameter. It varied 
from the size of a pea to that of a pigeon's eggy and weighed 
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126 pounds to the even United States bushel, loosely measured^ 
and 135 pounds when well compacted by shaking. The cements 
and sand were of the same quality used in the former tables. 
The concret<3 blocks were formed by first incorporating the dry 
cement with the dry sand, and then adding sufficient water to 
convert the mixture into an over-stiff mortar. The mortar and 
gravel were then put into a cylindrical wooden bucket, with a 
close-fitting top, and mixed together by prolonged shaking,, 
the bucket being revolved repeatedly during the operation, 
after which the concrete was rammed into moulds and left for 
twenty-four hours to harden. The blocks were never immersed 
in water, but were wet with a sponge every day, and crushed 
when ten days old. 
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Table XII. — (From General Gillmore^s experiments.) 



No. 



8 



10 



11 



SIZE OF BLOCKS. 



Proportions of the dry ingredi- 
ents, by volume. 



fcX) 



f Boulogne Portland ce ment . . 1 

Sand 3 

Coarse gravel and pebbles. . 9 
( Boulogne Portland cement . . 1 

Sand 

Coarse gravel and pebbles 
C Boulogne Portland cement 

Sand 

Coarse gravel and pebbles. .10 
C Boulogne Portland cement . . 1 

Sand 5 

Coarse gravel and pebbles.. .13 
( Boulogne Portland cement . . 1 

I Sand 4 

(.Coarse gravel and pebbles. .14 
I Boulogne Portland cemeut. 1 

< Sand 6 

i Coarse gravel and pebbles. . 15. 
( Boulogne Portland cement . . 1 

J Sand 5 

i Coarse gravel and pebbles. .16. 
r Norton's Koseudale cement . 1 

< Sand 3 

[ Coarse gravel and pebbles. . 6 . 
( Norton's Kosendale cement. 1 

I Sand 3 

[ Coarse gravel and pebbles . . 9 ^ 

{Norton's Rosendale cement. 1 
Sand 4 
Coarse gravel and pebbles.. 9^ 
{Nortoii's Kosendale cement. 1 
Sand 4 
Coarse gravel and pebbles. .10, 



I 



In. 
5 7-16 

5 7-16 

I 

I 

5 7-16 

I 

> '5 7-16 

I 
I 

5 7-16 

i 

5 7-16 

I 

I 

5 7.16 



8 



8 



8 



t-t 



In. 

3J 

3h 

3i 

» 

3J 
3i 
3J 
3i 
3i 
^ 
3J 



w 



In. 
3 



3 



S « 9 



8,600 
9,400 

5,600 
7,400 

7,000 
8,000 

8,600 
6,600 

5, 833i 

4, 666§ 
4,166g 

7,000 
4,560 

5,040 
4,500 

5, 760 

8,200 



3,200 



3,400 



2,000 



Crushing weight per 

square inch, in pounds. 

Blocks 10 days old. 



\ 



452 
494 

294 

388 

367 
420 

452 
347 

306 
245 
218 

I 367 

J 239 

265 

^ 237 

303 

293, (av'ge of 2 trials.) 



114, (av'ge of 3 trials.) 



121, (av'ge of 4 trials.) 



71, (bigh'8tof2trials.) 



PROPERTIES OF BfiTON AGGLOMJfiR^. 

STRENGTH. 

52. The most trustworthy report hitherto published upon the 
strength of beton agglomer^ to resist a crushing weight, is that 
of Mr. P. Michelot, iugenieur-in-ehef des Fonts et Chauss^es, 
from experiments made at the Conservatoire Imperial des Arts 
et Metiers, France, in July, 1864. 

The results of these trials are given in the following table. 
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Tablk XHI. 



Date of fab- 
rication 

and age of 
samples. 



Composition of the samples in volumes 
of ingredients. 



Feb., 1862, 

30 months. 

2* 



1 



r River sand 4 

< Hydraulic lime of Argentieul 1 

[ Cement, (Schacher & Letellier) ^ 

C Coarse river sand 5 

Jan., 1862, I Hydraulic lime of Argentieul 1 

31 months. [ Cement, (as alx)ve) I 

3 * f Eiver sand 5 

Hydraulic lime of Argentieul 1 

Cement, (as above) ^ 

{Sand 5 
Lime, (as above) 1 
Cement, (as above) 1 

{Coarse sand 4 
Lime, (hydraulic,) of Theil 1 
Portland cement, (Boulogne) i 

r Mixed sand 4 

I HydrauUc lime of Theil 1 

Boulogne Portland cement J 

f Coarse sand, washed 4 

Nov., 1862, I < Hydraulic lime of Argentieul 1 

21 months. ! [ Boulogne Portland cement i 

8* 
Nov., 1862, 
21 months. 

9* 
May, 1863, 



Jan., 1862, 
31 months. 

4* 
Feb., 1863, 
18 months. 

5 
Feb., 1862, 
30 months. 

6 
Nov., 1862, 
21 months. 

7* 



] 



{Co.arse sand, washed 4 
Hydraulic lime of Argentieul ....... 1 
Portland o'mt, (Schacher & Letellier) J 

f Sand of Vesiuet 4 

< Hydraulic lime of Argentieul 1 

15 months. , [ Hydraulic c'mt, (Schacher & Letellier) i 

10* ; r Sand of Vesinet 4 

May, 1863, I < Hydraulic lime of Argentieul 1 

15 months. [ [ Hydraulic c'mt, (Schacher & Letellier) J 



DIMBX8IOK8 

OF 8AMPLEB, 

IN INCHES. 



45 
O 

in 

-♦3 

.a 



CUUSHINO 

STRENGTH, IN 

POUNDS. 



Total. 



[ Per sq. 
' inch. 



Lbs. 



130 



28, 240 



3,270 



37,744| 4,131 



132 ' 46, 641 1 4, 546 



3 2 3i 130 1 24, 893! 4, 172 



3i 139 



4 3i 4 142 



3 2i 3t 146 



3 141 



34, 6391 4, 040 



72, 458 



5,650 



46,875 7,176 
50, 110 7, 495 

48, 019 5, 549 



140' 33,467 5,364 



133 23, 462 2, 682 



139 23, 052 2, 634 



Explanation of Table XIII. 

The samples marked thus (*) are pieces of blocks previously broken by a 
tensile strain, and have the form of the letter T qp, and the double numbers 
in the columns of length and breadth indicfite the dimensicms of the two 
rectangles comi)osiiig the total area under compression. 

No. 1. Fissured. This b<^toii was the same composition as that used in the 
vaults of the city barracks, Paris. 

No. 2. The small lateral prism was first crushed. The other resisted the 
pressure, but was wrenched by having an uiie(iual bearing. 

No. 3. One of the lower angles of the sample was imperfect, having been 
injured before the trial. 

Nos. 9 and 10 were of the same composition as the bdton used in the 
church of Vesinet. 
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53. The blocks which furnished the following table were 
crushed in November, 1870. They were cut from sills, steps, 
platforms, &c., that had been exposed to the weather from the 
time they were made. During warm dry weather they were 
wet every day with a hose. 



Table XIV. — (From General Gillmore^s experiments.) 



r 



No. 



6 



9 



10 



11 



12 



CoTuposition of sampleH in vol- 
umes of ingredientH. 



Pit sand .'i 5 

< Hydraulic limo of Seilley 1 

Boulogne Portland cement.. IJ^ 

f Pit sand 5 

i Hydraulic lime of Seilley 1 
Boulogne Portland cement. .IJ- 
rPitsand 5 

< Hydraulic lime of Seilley 1 

[Boulogne Portland cement.. 1 J 

{Pit sand 5 
Hydraulic lime of Seilley. . . .1 
Boulogne Portland cement.. 1^ 
( Pit sand 5 

< Hydraulic lime of Seilley 1 

i Boulogne Portland cement.. 1 
rPitsand 5 

Hydraulic lime of Seilley 1 

Boulogne Portland cement.. 1 

Pit sand 5 

Hydraulic lime of Seilley 1 

Boulogne Portland cement. .1 

{Pit sand 5 
Hydraulic lime of Seilley 1 
Boulogne Portland cement. .1 
rPitsand 5 

< Hydraulic lime of Seilley 1 

[Boulogne Portland cement. .1 

{Pit sand 5 
Hydraulic lime of Seilley 1 
Boulogne Portland cement.. ^ 
{Pit sand 5 
Hj'draulic lime of Seilley 1 
Boulogne Portland cement.. J 
f Pit sand 5 

< Hydraulic lime of Seilley 1 

I Boulogne Portland cement. .J 



1 



Age of 
sampl's. 

Months. 

> 2 



> 3 



H 



1 « 



4i 



DIMENSIONS OF 


Samples. 


i 


a; 
u 

In. 


• 

■a 

•I'M 

w 


In. 


In. 


3 


4 


3 


3 


4 


3 


4 


4 


3 


4 


4 


3 


3 


4 


3 


4 


4 


3 


4 


4 


3 


4 


4 


3 


4 


4 


3 


3 


4 


3 


3 


4 


3 


4 


4 


3 









CllUSHING 

STRENGTH, IN 

POUNDS. 



Total. 



Per sq. 
inch. 



19, 000 1, 583i 



18,000 



1,500 



27,000 1 l,e87i 



32,000 I 2,000 



22,000 



26,000 



l,833i 



1,625 



34, 000 I 2, 125 



31, 000 



28,000 



18, 000 



17, 000 



23,000 



1, 937i 



1,750 



1,500 



l,416f 



1. 437* 
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54. Resistance to crushing of bricks and natural stone. (From 
Professor Eankine's tables and other trustworthy sources.) 



Table XV. 



Materials. 



Brick, weak red 

Brick, strong red 

Brick, first quality hard. 

Brick, fire 

Chalk 



Grauite, Patapsco 

Granite, Quincy : 

Marble, Montgomery County, Pennsylvania . 

Limestone, granular 

Limestone, marble 

Sandstone, strong 

Sandstone, ordinary 

Sandstone, Connecticut , 

Caen stone 



Crushing weight 

per square inch, 

in pounds. 



550 to 800 

1,100 

2, 000 to 4, 368 

1,700 

330 

5,340 

15, 300 

8,950 

4, 000 to 4, 500 

5,500 

5,500 

3, 300 to 4, 400 

3,319 

1,088 



DURABILITY. 

55. Constructions on land. — B^ton agglom^r^ — or any mix- 
ture of cement and sand, or cement, lime, and sand, tempered 
with just sufficient water to convert all the matrix into a thick 
viscous paste — ^resists climatic influences and changes, and other 
usual causes of deterioration in masonry, better than any other 
combination of the same ingredients, in which more than this 
minimum quantity of water is used. This is more emphatically 
the case when the proportion of water is so great that the mix- 
ture becomes plastic, like masons' mortar. This fact is not 
only obvious, but is amply confirmed by experience and obser- 
vation. 

Only a fixed equivalent of water can combine with any given 
quantity and variety of cement or lime. 

In beton or mortar any excess soon evaporates, if exposed 
to the air, leaving the mass porous, and therefore liable to 
injury from various agencies, and particularly from frost. If 
immersed in sea water, a larger surface is exposed to the action 
of alkalies and acids, known to be more or less injurious in 
their effects upon light and porous mortars. 
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The densest mortars that can be produced from given 
materials are the best, and the use of a large amount of water 
is incompatible with the condition of density. 

The best pointing mortar, indeed, is a b^ton agglom^r^, an- 
swering fully to the description of that material, being prepared 
with a small proportion of water, and applied by caulking it into 
the joints. In northern climates it has to sustain the severest 
tests to which masonry of any description can be exposed ; to 
alternations of cold and heat, moisture and dryness, freezing 
and thawing. 

B^ton agglomer^, when the volume of matrix is so adjusted 
that the voids in the sand are completely filled — say in the pro- 
portion generally of one of the matrix to two and a half or three 
of sand — becomes in process of time as impervious to water as 
many of the compact natural stones, while its matured strength 
exceeds that of the best qualities of sandstone, some of the 
granites, and many of the limestones and marbles. 

Chemical tests have shown this bdton to be practically im- 
pervious to water. Two small specimens, each weighing about 
2i grammes, were tried by Dr. Isidor Walz, chemist, of l^ew 
York City. Their specific gravity was 2.305. They were im- 
mersed in water fifteen minutes, and then kept four days in air, 
saturated with moisture. One of the specimens did not increase 
in weight at all during the interval, while the other absorbed J/|y 
of one per cent, of moisture. 

This material, therefore, possesses all the characteristic prop- 
erties of durability, being dense, hard, strong, and homogene- 
ous 5 and there would appear to be no reason for supposing that 
it may not, with entire safety, be applied to out-door construc- 
tions, even in the most northerly portions of the United States. 

It is injured by freezing before it has had time to set. Im- 
portant works should not, therefore, be executed during the 
winter in cold climates. 

The effect of freezing on newly made bdton is to detach a 
thin scale from the exposed surface, producing a rough and 
unsightly appearance 5 but the injury does not extend into the 
mass of the material, unless the frost be very intense. 

In monolithic constructions, the plank coffre affords suffi- 
cient protection to the face surfaces of the work against mod- 
erate frost, and, when the temperature ranges generally not 
much lower than the freezing i)oint during the day, work may 
be safely carried on, if care be taken to cover over the new 
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material at night. After it has onco set, and has had a few 
hours to harden, neither severe frost, nor alternate freezing 
and thawing, has any perceptible effect upon it, and, under 
any and all circumstances, it is much less liable to injury from 
these causes, and requires fewer precautions for its protection 
against them, than common hydraulic concrete. 

Monolithic constructions in b^ton agglom^r^ may advantage- 
ously be carried on whenever it is not too cold to lay first-class 
brick masonry. 

In Paris and vicinity operations are not generally suspended 
during the winter, unless the cold be unusually severe for that 
climate. 

Pieces of statuary, and other specimens ornamented with 
delicate tracery, have been exposed for five consecutive winters 
to the weather in 'New York City, without undergoing the 
slightest perceptible change. 

56. Constructions in the sea. — The power possessed by 
b^ton agglom^r^ of resisting the solvent action of salts (princi- 
pally the sulphates of magnesia and soda) and certain gases 
contained in sea water, rests upon analogy rather than upon 
proof based T:ipon adequate experience and observation. 

Eminent European engineers do not hesitate to use Portland 
cement concrete, mixed with a comparatively large dose of water, 
for very important submarine constructions. The matrix of this 
concrete possesses less density and strength than that of b^ton 
agglom^re, and if the lime be excluded from the latter, the in- 
duration in the two cases would be due to precisely the same 
chemical action. The materials are indeed identical in compo- 
sition under this condition, with the exception that there is an 
excess of water, and consequently an element of weakness, in 
the English concrete, which do not attach to the b^ton. The 
durability of the latter in sea water, without being much dis- 
cussed, has been very generally conceded. 

Monolithic constructions under water cannot be executed in 
b^ton agglomere, for the reason that the prescribed ramming 
in thin layers would necessarily have to be omitted, and some 
other mode of compacting the mixture followed. This material, 
however, when laid green through water, loses its distinct name 
and character, as well as its superior strength and hardness, 
and becomes common beton or concrete, with the coarser ballast 
omitted. Its use in this form certainly offers no advantages 
with regard to strength, while in point of economy the usual 
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proportioni^ of matrix, sand and shingle, or broken stone, is pre- 
ferable. 

57. Uses of beton agg;lomer^ in Europe and elsewhere. — 

The most important and costly work that has yet been under- 
taken in this material is a section, thirty-seven miles in length, 
of the Vanne aqueduct, for supplying water to the city of Paris. 

This aqueduct, which traverses the forest of Fontainbleau 
through its entire length, comprises two and a half to three 
miles of arches, some of them as much as fifty feet in height, 
and eleven miles of tunnels, nearly all constructed of the mate- 
rial excavated, the impalpable sand of marine formation known 
under the generic name of Fontainbleau sand. It includes, 
also, eight or ten bridges of large span (seventy-five to one hun- 
dred and twenty-five feet) for the bridging of rivers, canals, and 
highways. 

The smaller arches are half circles, and are generally of a uni- 
form span of 39^^^ feet, with a thickness at the croV^n of 15| 
inches. Their construction was carried on without interruption 
through the winter of 1868-'69 and the following summer, and 
the character of the work was not affected by either extreme of 
temperature. The spandrels are carried up in open work to the 
level of the crown, and upon the arcade thus prepared the aque- 
duct pipe is moulded in the same material, the whole becoming 
firmly knit together into a perfect monolith. The pipe is circu- 
lar, 6J feet in interior diameter, with a thickness of 9 inches at 
the top, and 12 inches at the sides, at the water surface. The 
construction of the arches is carried on about two weeks in 
advance of work on the pipe, and the centres are struck about 
a week later. 

Water was let into a portion of this pipe in the spring of 1869, 
and M. Belgrand, inspector general of bridges and highways, 
and director of drainage and sewers of the city of Paris, certi- 
fied that ''the impermeability appeared complete.^^ 

For details and general views of this aqueduct, see. Plates IV, 
V, and VI. 

58. Another interesting application of this material has been 
made in the construction, completed or very nearly so, of the 
light-house at Port Said, Egypt. It will be one hundred and 
eighty feet high, without joints, and resting upon a monolithic 
block of beton, containing nearly four hundred cubic yards. In 
design it is an exact copy of the Baleines light-house, executed 
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after the plans and under the orders of M. L^once-Eegnaud, 
engineer-in-chief. 

59. An entire Gothic church, with its foundations, walls, and 
steeple, in a single piece, has been built of this material at 
Yesinet, near Paris. The steeple is one hundred and thirty 
feet high, and shows no cracks or other evidences of weakness. 

M. Pallu, the founder, certifies that " during the two years con- 
sumed by M. Coignet in the building of this church, the b^ton 
agglom^re, in all its stages, was exposed to rain and frost, and 
tha? it has perfectly resisted all variations of temperature.'' 

The entire floor of the church is paved with the same material, 
in a variety of beautiful designs, and with an agreeable contrast 
of colors. 

60. In constructing the municipal barracks of Notre Dame, 
Paris, the arched ceilings of the cellars were made of this b^ton, 
each arch being a single mass. The spans varied from twenty- 
two to twenty-five feet, the rise, in all cases, being one-tenth the 
span, and the thickness at the crown 8.66 inches. In the same 
building the arched ceilings of the three stories of galleries, one 
above the other, facing the interior, and all the subterranean 
drainage, comprising nearly six hundred yards of sewers, are 

also monoliths of beton. 

« 

One of these vault arches, having a span of 17^ feet, was sub- 
jected to three severe trial tests, viz : 

First. A pyramid of stone- work weighing thirty-six tons, of 
2,000 pounds each, was placed on the centre of the vault. 

Second. A mass of sand thirteen feet thick was spread over 
the surface of the same vault. 

Third. Carts loaded with heavy materials were driven over it. 

In no instance was the slightest effect produced. 

61. A portion of the basement work of the Paris Exposition 
building comprised a system of groined arches, supported by 
columns about 13| inches square and 10 feet apart. The arches, 
having a uniform rise of one-tenth the span, and a thickness at 
the crown of 5J inches, are monoliths of b^ton agglomdrd. A 
system of flat cylindrical arches, of ten feet span, covers* the 
ventilating passages. They have a rise of one-tenth, and a 
thickness at the crown of not quite 8 inches, and were tested 
with a distributed weight of 3,300 pounds to the superficial 
yard. 

There was consumed in the construction of this basement- 
work more than 353,000 cubic feet of b^ton. 
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62. Over thirtj'-one miles of the Paris sewers had been laid 
in this material prior to June, 18G9, at a saving of 20 per cent, 
on their lowest estimated cost, in any other kind of masonry. 

The composition of the beton was as follows : 
Sand, 5 measures. 
Hydraulic lime, 1 measure. 

Paris cement, (said to be as good as Portland cement,) i 
measure. 

63. Several large city houses, some for places of residence, 
and others for business puri)oses, have been constructed, and 
many others are in contemplation. In these the entire masonry, 
comprising both the exterior and the partition walls, the chim- 
neys with flues, cellar arches, cistern, &c., is a single monolith 
of beton agglomer^. 

In one house, having a cellar below the street level, and six 
full stories, surmounted with a Mansard roof above, the thick- 
ness of the exterior wall was established as follows, viz : cellar, 

19.7 inches; first story, 15.7 inches; second story, 13.8 inches; 
third story, 12.8 inches ; fourth story, 11.8 inches ; fifth story, 

10.8 inches ; sixth story, 9.8 inches. 

The cellars of such houses are usually divided into two large 
compartments by a wall parallel to the street, and these are 
covered bj- a flat arch of beton, the usual proportions of which 
are a rise of one-tenth the span, a thickness at the crown of 5J 
to 5J inches, and a thickness at the springing line of 8J to 9 
inches. (See Plate YII.) 

Spaces not exceeding thirteen or fourteen feet in width may 
be spanned by flat platforms from ten to twelve inches thick, 
and, similarly, the pavements of sidewalks may be in one con- 
tinuous piece of b^ton, with street vaults below. 

64. An interesting application of this material in the con- 
struction of a hollow sustaining wall was made at the cemetery 
of Passy, in supporting a bank of earth 29J feet in height. In 
that wall the volume of the hollows is equal to 53 per cent, of 
the aggregate volume of b^ton. The hollows were filled with 
dry earth. (See Plate VIII.) 

65. The jetties at the entrance of the Suez Canal are built of 
b^ton agglom6r^ of cheap quality, composed of hydraulic lime 
of Theil and the almost impalpable sand of the desert. The 
construction is not monolithic, the b6ton having been formed 
into blocks weighing about twenty tons each on land, where 
they were allowed to harden for two or three months before 
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they were used. The blocks cost in final position one thousand 
francs apiece, or about $15 75 per cubic 3^ard. The jetties are 
twenty-six yards wide at the base and six yards wide at the 
summit, and are twelve yards in height. About sixteen thou- 
sand blocks bave thus far been used in their construction, and 
but little remains to be done toward their completion. 

A better quality of b^ton, containing a small amount of Port- 
land cement, would have been employed by most engineers for 
immersion in the sea, and would perhaps have been dictated 
by prudence. 

66. All the works above referred to, except those at Port 
Said, were visited by the writer in the month of February, 
1870, and these statements are based upon close observation 
and personal knowledge. 

Many other interesting applications of this material were ex- 
amined, of which it is not deemed necessary to make any special 
mention, except that in combined stability, strength, beauty, 
and cheapness, they far surpass the best results that could 
have been achieved by the use of any other materials, whether 
stone, brick, or wood. 

In the numerous and varied applications which have been 
made of it in France, it has received the most emphatic com- 
mendations from the government engineers and architects. 

67. For warehouses, churches, and large buildings of every 
description ; for foundations, quay walls, light-houses, jetties, 
and piers; for abutments and massive walls of all kinds; for 
sidewalks, platforms, and flagging, and for many other minor 
purposes, beton agglom^r^ possesses not only gfeat compara- 
tive cheapness, but all the essential merits of brick and stone 
with respect to strength, hardness, and durability; while for 
many purposes, such as cellars and cellar floors; cisterns, reser- 
voirs, tanks, and fountains ; arches, vaulted ceilings, and vaults ; 
tunnels, aqueducts, sewer and water pipes, and ornamental 
work of every description within the province of the architect 
or engineer, it possesses advantages peculiar to itself, and not 
equally shared by other materials. 

Monolithic buildings in b6ton, with arched ceilings in all the 
rooms, are practically fire-proof. 

68. It may be advantageously used in fortifications, for 
foundations, generally, both in and out of water ; for the piers, 
arches, and roof surfaces of casemates ; for parade and breast- 
height walla; for counterscarp walls and galleries; for scarp 
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walls, except those that shield guns ; for service and storage 
magazines ; for pavements of magazines, casemates, galleries, 
&c., and generallj' for all masonry not exposed to the direct 
impact of an enemy's shot and shell. 

Carefully laid on as a roof surface over arches, it is claimed 
that the usual covering of bituminous mastic may be dispensed 
with. 

69. Its superiority to Rosendale concrete for common work, 
such as foundations, the backing and hearting of walls, maga- 
zine walls, and generally for all masonry protected by earth and 
therefore not necessarily required to be of first quality, lies in 
its possessing greater strength and hardness at the same cost, 
and consequently in its being proportionately cheaper when re- 
duced to the same strength by increasing the proportion of sand. 

COST. 

70. The cost of works constructed in b^ton agglom^r^ will, 
of course, depend in a great measure on that of the lime and 
cement which enter into its composition. 

In Paris, where Portland cement costs from $9 to $10 per ton 
in gold, hydraulic lime about half as much, and labor ranges 
from 60 cents to 70 cents per day, the b6ton of common quality 
will cost, inclusive of profit, from $5 to $6 per cubic yard in 
plain finished walls. 

Arch work is more expensive^ and where a variety of centres 
are required, and the arches groin into each other and rest on 
numerous columns, the cost of the finished work, which of 
course includes that of the centres and moulds, may reach as 
high as $12 to $13 per cubic yard. 

APPLICATION AND^COST IN THE UNITED STATES. 

71. It has already been stated that neither Portland cement 
nor hydraulic lime suitable for b6ton agglomer6 is manufactured 
in the United States. To import these materials and pay the 
duty costs about $20 per net ton in gold for cement, and more 
than half as much for the lime. 

At these rates b^ton of good quality, composed say of 5 
measures of sand, one-half a measure of lime, and 1 measure of 
cement, can be manufactured in plain walls for from $9 to $11 
per cubic yard for labor and materials alone, the cost varying, 
with the height to which the b^ton has to be carried. 

A common article can be made at the cost of ordinary brick 
masonry of equal strength, say from $8 50 to $9 per cubic yard, 
4 
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with these advantages in favor of the b6ton, that a moderate 
degree of ornamentation, and any desired shade of color, from 
a light drab or fawn t6 a dark gray or brown, may be conferred 
at a trifling addition to the cost. 

72. Batons of average quality may be made with a matrix of 
hydraulic lime alone. 

When great strength and hardness are required, the lime 
must be replaced, in part at least, by Portland cement, and the 
best results are attained with Portland cement alone. 

In the French practice a compromise between the quality and 
the cost is effected by mixing the two matrices together in such 
proportions as the circumstances in each particular case may 
require. 

The same object may be attained with a matrix of cement 
alone by varying the dose of sand, and observing the precau- 
tion, when large doses are used, to mix sands of different sizes 
together in order to reduce the volume of voids and diminish 
the porosity. 

Which of these two methods will give the best low-priced 
b^ton agglomer6 in process of time is a point of inquiry which 
has attracted very little attention, and is of no special import- 
ance where the cement and lime may both be readily procured 
without depending upon foreign markets. In the United 
States, however, the question rises into prominence, and a 
series of experiments is now in progress to determine it ; for 
although we can manufacture good Portland cement, by the 
dry process, at a little more than half the cost of its importa- 
tion, it is not known that we have any argillaceous limestone 
deposits suitable for hydraulic lime, and it is equally uncertain 
whether an artificial hydraulic lime will answer as well as the 
natural limes, of which those of Seilley and Theil may be taken 
as types. 

It, however, stands to reason, and, in the absence of positive 
knowledge to the contrary, may be assumed as true that, having 
a Portland cement b^ton and a hydraulic lime beton of the same 
initial strength and hardness, their ultimate qualities in these 
respects, and their durability under severe climatic trials, will 
vary inversely as their porosity, within moderate limits of dis- 
crepancy. Exposed to the weather, in climates not visited by 
heavy frosts, they should remain equally good for an indefinite 
period. Immersed in sea water, the least porous of the two 
would be the least liable to change. 
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Common lime powder, freshly slaked by aspersion, may be 
added to a matrix of Portland cement in small proportions, say 
not greater than 1 of lime to 4 or 5 of cement by volume, with- 
out seriously impairing its strength, and with a great improve- 
ment in the texture of the b^ton. 

When large doses of sand are used, the imperviousness to 
water of the betou, and also its strength, are increased by 
adding common lime powder, in proportions not greater than 
eight-tenths of the cement by volume. 

It seems probable, from the experiments already made, that 
Mton agglom^r^ for plain, cheap work, will be made in this 
manner in the United States, and that we will manufacture our 
own Portland cement, and dispense altogether with the use of 
hydraulic lime derived from argillaceous limestone. 

73. It is of great importance that the incorporation of the 
lime with the cement should be very thorough, in order to 
insure a perfectly homogeneous mixture, and this can be 
obtained with greater certainty by triturating the two together 
into a thick, viscous paste before the sand is added. In con- 
ducting extensive operations the use of two mills of different 
sizes would perhaps be advantageous, the smaller one being 
employed exclusively in the preparation of the matrix. 

The following proportions may be relied upon to give Ooignet 
batons of good average quality: 



Coarse and fine sand, by measure. . 

Portland cement, by measure 

Common lime powder, by measure. 



1 


2 


3 


4 


6 


6i 


7 


7i 


1 


1 


1 


1 


A 


i 


f 


A 



74. For foundations and other plain massive work not ex- 
posed to view, or where a smooth surface is not specially desiry*, 
a liberal amount of gravel and pebbles, or broken stone, j^ay 
be added to all of the betons of the above table. 

The following proportions will answer for such purpgrses : 



Coarse and fine sand, by measure . 
Gravel and pebbles, by measure.. 

Portland cement, by measure 

Common lime powder, by measure 



1 


^ 


r 


4 

7i 


6 


7 


12 


yh 


13 


14 




1 


1 


1 
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f 


A 
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74 a. The following table (XYI) was not completed in time 
to take its proper place in this report, and is therefore inserted 
here. It gives the results of some of the trials that were made 
in determining the proportions recommended in the two fore- 
going paragraphs. Broken stone of various sizes, from that of 
a pea to that of a duck's egg^ would give better results than the 
gravel and pebbles that were employed. 

In Table XVI the blocks tested were two months old, and 
were exposed to the weather, through the months of December 
and January 1870-'71, upon the roof a building where the ther- 
mometer frequently reached as low as zero, Fahrenheit. 

Their dimensions were 3J by 5J by 3 inches, the area under 
compression bring 19J square inches. 

It will be seen that the blocks containing 13 volumes of the 
gravel and pebbles gave a greater average strength than those 
containing 5 volumes, the other ingredients in both cases being 
the same. 

Table XVI. — (From General Gilmore^s experiments.) 



No. 


Proportions of dry ingredieDts by volnme, loosely meas- 
ured. 


CRUSHING STRENGTH, IN 
POUNDS. 


Total. 


Per square 
inch. 


1 
2 
3 
4 
5 
6 
7 

d 


Boulogne Portland cement, 1 ; common lime powder, 0.4 ; 

sand, 5.6. 
Boulogne Portland cement, 1 ; common lime powder, 0.8 ; 

sand, 5.6. 
Boulogne Portland cement, 1 ; common lime powder, 0.4 ; 

sand, 7.5. 
Boulogne Portland cement, 1 ; common lime powder, 0.8 ; 

sand, 7.5. 
Boulogne Portland cement. 1 ; common lime powder, 0.4 ; 

sand, 5.6 ; gravel and pebbles, 5. 
Boulogne Portland cement, 1 ; common lime powder, 0.4 ; 

sand, 5.G; gravel and pebbles, 13. 
Boulogne Portland cement, 1 ; common lime powder, 0.8 ; 

sand, 5.6 ; gravel and pebbles, 5. 
Boulogne Portland cement, 1 ; common lime powder, 0.8 ; 

sand, 5.6 ; gravel and pebbles, 13. 


( 18, 000 
( 16, 000 
( 15, 500 
( 19, 000 
( 8, 000 
I 10, 000 
C 10, 600 
( 11,000 
( 12, 500 
I 13, 100 
( 13, 000 
I 16, 000 
J 12, 500 
\ 12, 000 
( 12, SCO 
( 14, 5C0 


935 

831 

805 

987 

415J 

519 

551 

571 

649 

681 

675 

831 

649 

623 

649 

753 



75. When the Archimedean screw-mixer is used, some diffi*^ 
culty will be experienced in incorporating the gravel and peb- 
bles with the same machine, from the liability of its getting 
jammed in between the edge of the screw and cylindrical case 
in which it revolves. The trouble will not arise from either the 
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large or the small pebbles, but only from the medium sizes. The 
difficulty might be avoided by mixing with a pug mill suitably 
constructed, or by using two machines, one for incorporating 
the matrix with the sand, and the other a concrete mixer, for 
iDtroducing the pebbles to the mixture thus obtained. For 
monolithic concrete work, in water, the lime should be omitted. 

GENERAL OBSERVATIONS. 
INCREASE OF STRENGTH OF BRITON AGGL0M^R]6 WITH AGE. 

76. Batons and mortars, in which the matrix is Portland 
cement alone, acquire, during the first two years, fully nine- 
tenths of the strength and hardness which they ultimately 
attain in process of time. 

77. Tensile strength. — At the age of one month the tensile 
strength of Portland cement, without sand, is equal to about 
two-thirds of what it attains during the first two years. 

When sand is added, the ratio of increase in tensile strength 
is greater than with the neat cement, sometimes reaching in 
two years, with the larger proportions of sand, as high as seven 
and eight times the strength acquired during the first month. 
With equal portions of cement and sand, the strength acquired 
in one month is about doubled at the end of two years. 

The curves of the diagram, Plate I, although of less value, 
in consequence of having been derived from various authorities, 
than they would have been if made by one single exi)erimenter, 
present a comprehensive view of this subject. The discrep- 
ancies which present themselves under a close comparison, are 
due to the use of cements of various qualities mixed under va- 
rious conditions. 

78. Crushing strength. — It is known that the strength of 
Portland cement mortars and batons, to resist compression, does 
not reach its maximum limit within a period of two or perhaps 
three years. During the first month the compressive strength 
of neat cement per square inch, upon blocks about the size of 
ordinary burnt bricks, laid flatwise, is from seven to eight times 
the tensile strength per square inch of the same mixture. At 
the age of six months this ratio becomes about 12 to 1, and at 
^ine months nearly 14 to 1. 

When sand is added, the difference between the tensile and 
the crushing strength on the same unit of area is much greater 
than with cement alone, and increases with the amount of sand 
used. 
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With a mixture of cement 1 and sand 2, the ratio of the 
crushing to the tensile strength will generally be found be- 
tween the limits of 14 to 1 and 19 to 1 ; with cement 1 and 
sand 4, it reaches as high as 25 to 1 and even 29 to 1; and with 
cement 1 and sand 5, as high as 35 to 1. These relations are 
maintained as a rule up to the age of nine months, beyond 
which period our information depends so much upon experi- 
ments made at different times and places, and by different per- 
sons, as to be in a measure impaired for practical use and 
application. 

As a rule, the crushing strength of batons, in which the 
matrix is Portland cement, at the age of three months, becomes 
nearly doubled at the age of nine months. 

79. a. All possible mixtures of Portland or natural American 
cements, with or without sand, with much or little water, if 
arranged in the order of their strength at any time after they 
are five days old, will, as a rule, remain in that order through- 
out all subsequent induration. 

80. American cements made from argillo-magnesian limestone 
at the following-named localities, when manufactured with care, 
do not differ greatly in quality, viz : Cumberland, Maryland ; 
Louisville, Kentucky; Utica, Illinois; Coplay, Pennsylvania; 
Shepherdstown, Virginia; Round Top, near Hancock, Mary- 
land ; Akron, New York. They are, however, somewhat inferior 
to Rosendale cement of average quality. 

81. The tensile strength of the best Portland cement, seven 
days old, is about six times as great as that of the best natural 
American cements, both being mixed without sand. About the 
same ratio exists between the medium grades, and also between 
the lower grades of these two classes of cements. This is true 
whether mixed with little water, like b6ton agglom^r^, or with 
much, like masons' mortar. 

82. A mixture of Portland cement and sand, in proportions 
suitable for mortar, seven days old, made with much or little 
water, possesses from four to six times the tensile strength of 
a mixture of Rosendale cement and sand in the same propor- 
tions, similarly treated. ^ 

83. The tensile strength of both Portland and Rosendale 
cements, with or without sand, is less when made plastic, like 
stiff masons' mortar, than when made simply damp and inco- 
herent, like beton agglomere. With Portland cement the differ- 
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ence is from 20 per cent, to 30 per cent., and with Bosendale 
cements much greater. 

84. The tensile strength of the best neat Eosendale cement, 
seven days old, is more than twice as great as that of the poorest, 
and when mixed with three times its weight of sand, is as strong 
as the poorest without sand. 

85. Keat Eosendale cement mixed with neat Portland cement 
is very little better than the same weight of sand, until the 
amount exceeds six times that of the Portland cement. This 
Tesult is from mixtures seven days old, and is due to the fact 
that the adhesion of the Portland cement to the sand is about 
equal to the cohesive strength of the particles of Eosendale 
cement, until the amount of sand exceeds six times that of the 
Portland cement, when the adhesive strength of the sand 
mixture, in consequence of its porosity, falls below the cohesive 
strength of the two cements. 

S6. The crushing strength of neat Portland cement, seVen 
days old, is not quite four times as great as that of neat Eosen- 
dale, both being mixed rather dry, and rammed. If both are 
made plastic, like mortar, the former is nearly twenty times as 
strong as the latter. 

Mixed with different proportions of sand, like b^ton agglo- 
m^r^, the crushing strength of Portland cement is from 6 to 
12 times as great as Eosendale similarly treated, and from 16 
to 19 times as great when both are made soft, like mortar. 

87. The cost of Portland cement in New York, inclusive of 
custom-house duties, is about fifty per cent, greater than that 
of Eosendale cement, while for all the purposes to which 
cements are usually applied it is three times as valuable. 

88. Any admixture of sand with either Portland or Eosendale 
cements diminishes both the tensile and crushing strength. 

89. At the end of one year the tensile strength of Portland 
cement, mixed with an equal volume of sand, is about three- 
fourths of that of the neat cement. With two x>arts of sand, 
the strength is two-fifths that of the neat cement ; with three 
parts, not quite one-third; with four parts, about one-fifth; 
while with five parts of sand, the strength lies between one- 
ninth and one-eighth that of neat cement. 

90. Sea water is nearly as good as fresh water for mixing Port- 
land cements, but injures the Eosendale, and all argillo-magne- 
sian cements, very considerably. 

91. In mixtures of Portland cement and sand for either 
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monolithic work or separate blocks, one-half the sand may be 
replaced advantageously by coarse pebbles, resulting in an in- 
crease of both the tensile and the crushing strength. 

92. Neat Portland cement, mixed with j^ to J of its weight, or 
1^^ to Yo of its volume of common lime powder, loosely measured, 
loses from J^ to f of its tensile strength. Mixed with ^ its weight, 
or 1y% ^^® volume, it loses f of its strength. Mixed with f of its 
weight, or 2^\ its volume, it loses % of its strength. 

93. All Portland cement mixtures acquire greater strength and 
hardness immersed in water than if kept in the open air. 

Concrete blocks, until required for use, should be wet daily, 
and shaded from the sun in warm weather. A good plan, when 
practicable, is to make them on the beach between tides, when 
they will be submerged twice a day. 

94. Monolithic work of Portland cement concrete in water 
should not be made with the best or slowest-setting cement, but 
with one that is more active, and the water must be perfectly 
quiet. The method of manipulation and treatment is the same 
as for Eosendale cement concrete, but the proportion of sand 
and ballast may be twice as great. 

95. Good Portland cement weighs not less than 109 pounds to 
the bushel, loosely measured, is of a blueish gray color, and re- 
quires from three to four hours to set. The inferior cements 
are lighter in weight, quicker setting, and of a brownish color. 
The inferiority may arise from the presence of too much clay, 
or from inadequate burning. 

96. The use of b^ton agglom6r6 in France dates back to the 
year 1856, and confidence in its value has 'been constantly on 
the increase since that date. 

THE MANUFACTURE OF MATERIAI.S FOB B:6tON AGaLOM^RlS. 

97. The prominence given in the foregoing pages to a descrip- 
tion of the characteristic properties of hydraulic lime and Port- 
land cement (the two materials upon which beton agglom^r6 
depends for its excellence) has been deemed necessary, in order 
that M. Coignet's processes of manufacture may be fully under- 
stood. 

The practice in France and elsewhere, wherever this b6ton 
, has been introduced, requires not only that the cementing mate- 
rial shall possess hydraulic energy, but that this energy shall 
be of the peculiar kind inherent in argillaceous limestones judi- 
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ciously burnt ; shall be, in fact, derived from hydraulic lime and 
Portland cement, as already described. 

It rejects the dolomite as a class, and all limestones largely 
dependent for their hydraulicity upon magnesia. It also rejects, 
for the reasons stated, a matrix of fat lime alone. 

It seems proper that the method followed at the present 
day, for producing hydraulic lime and Portland cement on a 
large scale, in order to meet the great and increasing demand 
for them, should now be briefly described. Nothing but a gen- 
eral outline of the processes in most successful use will be given. 

MANITFACTtJRE OF HYDRAULIC LIME. 

98. In France, the practice of using lime that has been slaked 
in large bulk to a state of paste, by a copious use of water, has 
been entirely discontinued within the last few years, for the 
reason that only the fat or feebly hydraulic limes can be so 
treated. 

The presence of a sufficient amount of clay to confer emi- 
nently hydraulic properties upon the lime, engenders the pres- 
ence of lumps and portions not susceptible of thorough ex- 
tinction by the ordinary means, which would not only render 
the mortar heterogeneous, but might endanger the stability and 
safety of the masonry, by subsequent slaking within the work. 

Hence, whenever the advantage of employing hydraulic lime, 
either alone or mixed with cement, in order to confer energy 
and strength upon mortar, has been recognized, the lime is in- 
variably used in a state of freshly slaked, impalpable powder. 
The use of fat lime has been very generally discontinued upon 
important works. 

99. The following method is the one commonly practiced for 
obtaining hydraulixj lime from argillaceous limestones contain- 
ing from 12 to 24 per cent, of clay, the latter being composed of 
about 2 of silica to 1 of alumina. 

The stone is burned in any suitable kiln, at a heat sufficient 
to expel all the carbonic acid gas. 

There is no advantage in a high heat, like that necessary for 
burning Portland cement. 

While still warm from the kiln, the stone is sprinkled with 
from 15 to 20 per cent, of its own weight of water, care being 
taken not to use enough to convert any portion of it into paste. 
The slaking soon begins, and the stone falls to pieces, a portion 
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of it in the condition of fine powder, while the rest remains in 
unslaked, or partially slaked, lamps of various sizes. 

The whole mass is then thrown together in large heaps, 
where it remains undisturbed for six or eight days, in order to 
complete the extinction as far as possible, and is then screened 
with a sieve of twenty-five to thirty fine wires to the lineal inch. 

The portion which passes the screen is hydraulic lime of first 
quality, if the stone be capable of yielding such, and, when used, 
requires only sufficient water to convert it into a stiff paste, 
in order to furnish an excellent matrix for mortar, b^ton, or 
concrete. 

The lumpy portions which do not pass the sieve either con- 
tain too much clay, or have been burnt at too high or too low 
a heat to be susceptible of thorough extinction by exposure to 
the air, or aspersion with water. The quantity of this lumpy 
residue will be great in proportion to the amount of clay in 
the stone, or the extent to which the heat in burning has been 
improperly regulated. 

In some localities this residue is thrown away, as dangerous 
or worthless, while in others it is the custom to grind it up 
separately, and mix it with the powder previously obtained by 
aspersion. 

When the burning has taken place at a heat suitable for 
making common lime, the residue owes its origin to the presence 
of clay, and may be a light, quick-setting cement, like the 
Eoman. 

If so, its incorporation with the lime powder will augment 
the hydraulic activity of the latter, though perhaps not its ulti- 
mate strength and hardness. 

When the residue is too much under-burnt to slake readily, 
it may cause damage by a tardy extinction in the mortar, and 
should be rejected. 

When burnt at a high heat, the residue may be Portland 
cement, if the stone contain from 20 to 22 per cent, of clay; orv 
it may be inert clinker, partially or wholly vitrified, depending 
not only upon the amount, but also upon the form in which the 
silica and alumina exist in the clay. 

The character of the residue, when ascertained, will deter- 
mine whether it would be advantageous or otherwise to add it 
to the lime powder produced by slaking. 

For these reasons the utilization of the unslaked lumps ob- 
tained in the manufacture of hydraulic lime requires constant 
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and watchful care, in order that the introduction of ingredients 
that are worthless, or perhaps both dangerous and worthless, 
may be avoided. 

MANUFACTURE OF HYDRAULIC LIME AND PORTLAND CEMENT 

AT ONE BURNING. 

100. M. Coignet has devised a method for making both hy- 
draulic and Portland cement, at one and the same burning, 
from heterogeneous argillo-calcareous limestone, in which the 
proportion of clay may vary irregularly from 10 to 30 per cent. 

Incidentally a third product (a cement inferior to the Port- 
land, and resembling the Eoman and the Eosendale varieties) 
results from this process. 

The following is a condensed description of this new method : 

84. The hydraulic lime, of which the process of manufacture 
is here described, is not similar to the article of the same name 
made in Austria, by burning limestones containing so large an 
amount of clay (generally exceeding 20 per cent.) that they can- 
not be slaiied by aspersion with water after burning, but must 
be reduced to powder by grinding. 

The Coignet process applies to hydraulic lime derived from 
stone containing less than 21 to 22 per cent, of clay, which, 
after leaving the kiln, is slaked to powder by sprinkling with 
water. 

By the usual mode described in paragraph 99, the burnt 
lime, after being sprinkled with water, is first formed into heaps 
to facilitate the slaking, and is subsequently screened through 
tine wire-cloth, the portion which passes the screen being hy- 
draulic lime. 

In operating with lime rich in clay, the unslaked, lumpy resi- 
due, rejected by the screen, is frequently so large a proportion 
of the whole as to be a source of serious loss to the manufac- 
turers if thrown away, Avhile, as already stated, all attempts to 
incorporate it with the i)owder obtained by slaking and screen- 
ing are attended with danger. 

By the new method, the lumpy portions which accumulate at 
each screening, instead of being ground and added to the lime 
powder, are, after being ground, mixed with freshly-burnt stone 
just before the latter is watered for slaking, so that they are 
again exposed to the heat and vapor developed by the slaking 
process. By this device those portions which would, by the 
usual treatment, have been liable to subsequent deleterious 



60 BfiTON AGOLOMiSRiS. 

action when made into mortar, become thoroughly reduced, 
and their presence becomes a benefit instead of an injury to 
the masonry into which they enter, by augmenting its strength 
and hardness. Indeed, the greater the amount of residue thus 
treated, the greater will be the hydraulicity, and consequently 
the value, of the resulting product. 

101. This manner of treating the pulverized residues arising 
in the manufacture of hydraulic lime, is one of the peculiarities 
of the new process. Another consists in producing, at the same 
burning, heavy, slow-setting Portland cement, as hereinafter 
described. 

102. Hydraulic cements owe their peculiar properties to a com- 
bination, under the influence of heat, of a certain quantity of 
clay with oxide of calcium, producing double silicates of lime 
and alumina. 

103. Experience has shown that the proportion existing be- 
tween the clay and the lime exercises a controlling influence, 
not only on the results obtained in burning, but on the practi- 
cal manipulation subsequent thereto, in order that the maximum 
hydraulic energy, as regards both intensity and permanence, 
may be secured, and the danger of tardy action in the body of 
the mortar lessened or avoided. 

In fact, when an argillaceous limestone does not contain at 
least 20 per cent, of clay, the lime is in excess, and no useful 
purpose can be subserved by exposing the stone to an excessive 
heat, inasmuch as the semi-fusion so characteristic of cement 
will not ensue, or, if apparently produced, the cement, when 
ground and tempered with water, will be unstable. It may, in 
fact, fall to pieces from the spontaneous slaking of the excess of 
quicklime present, this excess being the portion which has not 
been converted during the calcination into silicate or aluminate 
of lime. 

If, on the other hand, the limestone contains more than 22 to 
23 per cent, of clay, it fuses at a moderate heat, and becomes a 
kind of glass, destitute of useful hydraulic energy, and liable to 
disintegrate and fall to powder while cooling in contact with 
the air. 

If the temperature be kept so low that the stone contain- 
ing more than 23 per cent, of clay will not vitrify, it yields a 
cement of greatly inferior energy, and liable to soften when 
made into mortar and exposed to moisture ; while, under the 
same moderate heat, those portions containing 20 to 22 per cent. 
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of clay, and therefore suitable for Portland cement, leaves the 
kiln as a light, quick-setting underburnt cement, or hydraulic 
lime, possessing not more than one-fourth to one-third of the 
intrinsic value of the Portland cement of average quality. 

104. These light, quick-setting cements are also produced by 
a moderate burning, from stone containing as high as 27 per 
cent., or even 30 per cent., of clay. Indeed, the amount of clay 
may reach, exceptionally, as high as 35 per cent. 

The cement made at Vassy, in France, the English and French 
Boman cements, and all of the American cements, (the Eosen- 
dalc, Shepherdstown, Cumberland, Coplay, and others,) belong 
to this class. 

In Austria the name of hydraulic lime is given to cements 
of this description. 

The Eoman cement, made from the nodules of septaria de- 
rived from the Kimmeridge and London clay, is the best of the 
cements here referred to, though greatly inferior in strength 
and hardness to the Portland. 

105. Experience has fully proved that the heavy, slow-setting 
cements (the class upon which the name of Portland has been 
conferred, from the resemblance of the English variety to 
natural Portland limestone) can only be obtained by burning, 
at a high heat, either limestones contaiuiug at least 20 and not 
more than 22 per cent, of clay, or an artificial mixture of the 
ingredients in similar proportions. 

Natural stone, suitable for this purpose, is found in Europe 
in the first range of the Jura formation, and on the lower slopes 
of the Alps in France and Austria. It generally occurs in nu- 
merous layers, which are very variable in the amount of clay 
which they severally contain, not exceeding from 10 to 15 per 
cent, in some, and reaching as high as 20, 25, and even 30 per 
cent, in others. The layers are generally thin, and there are 
but very few of them in which the desired proportion of 20 to 
22 per cent, of clay exists, homogeneously distributed. By far 
the gi'eater number contain either less or more than this amount. 

In whatever manner apparently homogeneous limestones may 
be exposed to burning, at a high temperature, it is impossible 
to avoid the complete vitrification of some layers containing too 
much clay, while others, not containing enough, or less than 
20 to 22 per cent., produce cements having lime in excess. 
These are all more or less liable to the danger of tardy slaking, 
already referred to. So great and so common is this danger, 
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indeed, that an artificial mixture of clay and carbonate of lime 
has been very generally relied upon for Portland cement. 

HYDRAULIC LIME AND PORTLAND CEMENT OF SEILLEY, 

FRANCE. 

106. The argillo-calcareous deposit of Seilley, from which both 
hydraulic lime and Portland cement are manufactured by Mr. 
Coignet's method, for the SociSte Centrale des BStons AgglomSrSs 
of Paris, is of this heterogeneous character, comprising more 
than one hundred layers of stone, of very variable composition. 
Among these different layers the amount of clay varies from 
12 to 25 per cent. 

In a thickness of eighty feet, comprising the useful working 
portion of the quarry, there is an aggregate of about twenty- 
five to thirty feet of practically homogeneous stone, containing 
from 20 to 23 per cent, of chiy, and therefore suitable for Port- 
land cement. To select and set aside these layers only, many 
of which are not more than four or five inches in thickness, 
would be impracticable. There would always be mixed up with 
the selected stone, some portion containing too much, and others 
containing too little clay for Portland cement. 

That part of the burnt product which resisted extinction by 
the ordinary process of sprinkling, and therefore comprising all 
the cement, would also contain la notable percentage of un- 
slaked hydraulic lime. 

The method devised for overcoming these difficulties consists, 
as already stated, in mixing the pulverized lumpy residue with 
freshly-burnt stone, and again subjecting it to the heat and 
vapor developed in slaking. By this means the superior en- 
ergy of the residue is utilized as far as possible, the maximum 
quality of hydraulic lime which the stone is capable of yield- 
ing is obtained, and all danger of disintegration from ulterior 
slaking is avoided. 

107. It is to be borne in mind that Portland cement can only 
be made from a mixture, natural or artificial, of 20 to 22 per 
cent, of clay and 80 to 78 per cent, of carbonate of lime, and 
that the calcination must take place at a temperature suffi- 
ciently high to produce that peculiar softening which precedes 
incipient vitrification, it being at this stage alone that those 
silicates, upon the crystallization of which, in the presence of 
water, this cement depends for its peculiar merits, can be 
formed. 
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108. In applying this method in practice, the entire product 
of the quarry is burnt with a heat of sufficient intensity and 
duration to convert tliose portions, containing 20 to 22 per cent, 
of clay, into Portland cement. The results are as follows: 

1. The stone containing more than 22 per cent, of clay would 
be more or less thoroughly vitrified, and would fall to powder 
upon cooling in the air, and could therefore be readily separated 
from the rest. 

2. The stone containing less than 20 per cent, of clay, being 
the most refractory of any in the kiln, would remain in the con- 
dition of lime, more or less hydraulic, and easy of recognition 
and separation, in the manner hereinafter described. 

3. The stone containing 20 to 22 per cent, of clay would be 
Portland cement clinker, requiring only to be pulverized by 
grinding, to complete the process of manufacture. 

Upon this entire product of the kiln, mixed together, enough 
water is sprinkled to effect the slaking of the lime, and it is 
then formed into heaps and allowed to remain until all portions 
capable of thorough extinction by the heat and vapor de- 
veloped, that is, all the hydraulic lime, fall into powder. The 
portion which resists slaking is Portland cement. 

The two are separated by screening, and the cement is reduced 
to powder by grinding. 

In practice it will be found that there are some lumpy por- 
tions of the slaked heaps, which, although they do not pass 
through the screen, are nevertheless not Portland cement. 
They result from the imperfect calcination of stone containing 
between 18 and 20 per cent, of clay, lying between the limes 
that slake entirely to powder, and the cements that do not 
slake at all. They are slaked, indeed, but not to powder, and 
there is no danger of any ulterior disturbance from them. The 
lumps are quite soft, entirely unlike the cement, and require 
but little power to reduce them to powder. They are pulver- 
ized by passing the entire residue through a mill, having the 
stones slightly separated from each other, so that they are 
reduced by a kind of rolling motion which does not crush the 
Portland cement. The two are separated by a fine wire screen ; 
the powder thus obtained being a light, slow-setting cement, 
weighing 78 to 80 pounds to the bushel ; while the Portland 
cement, produced at the same time, weighs 98 to 101 pounds to 
the bushel. 

109. It is claimed that this method of treating the entire yield 
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of a heterogeneous argillo-calcareous deposit, by burning it 
with that degree'of heat required for converting into Portland 
cement those portions containing 20 to 22 per cent, of clay, 
really improves the quality of the hydraulic lime furnished by 
those portions containing less clay. There is no doubt that its 
weight is augmented, but, on the other hand, it is slightly 
adulterated with the dust of the vitrified stone, to which, 
indeed, its increased weight may be in part due. It is doubt- 
less a good stable hydraulic lime. It is extensively used in the 
vicinity of Paris, and considerable quantities have been recently 
imported from the Seilley works into the United States, where 
it has given entire satisfaction. 

110. This method of manufacture, applied to the entire yield 
of the quarry at Seilley, produces — 

First. Sixty per cent, of excellent hydraulic lime, weighing, 
uncompacted, 50 to 55 pounds to the bushel, and which, mixed 
into a paste with water, will set in 10 to 15 hours, and sustain 
a wire point one-twenty-fourth of an inch in diameter, loaded 
to two pounds, in 20 to 24 hours. 

Second, Ten per cent, of light, slow-setting cement, weighing, 
when not shaken down, 78 to 80 pounds to the bushel^ that will 
sustain the same test in 8 hours. 

Third. Thirty per cent, of heavy, slow-setting Portland 
cement, weighing, when not compacted by shaking or other- 
wise, 98 to 101 pounds to the bushel, that will bear the needle 
test in 4 hours. 

111. It does not appear to be necessary at Seilley to repeat the 
slaking process upon any of the pulverized lumpy residue, by 
mixing it with freshly-burnt stone ; but that the entire product 
of the . quarry is converted, by one burning and one slaking, 
judiciously conducted, into one or another of these three ma- 
terials. 

112. The only works besides those at Seilley, where Portland 
cement is manufactured from a natural deposit, are located at 
Boulogne-Sur-Mer. A calcareous layer of the Kimmeridge clay, 
excjavated with pick and shovel, furnishes the material. 

A description of the process used at Boulogne is given in 
Gillmore's Treatise on Limes, &c., paragraphs 87 to 94. 

Some changes have been made there, however, in the practice, 
so that at the present time the wet process, used in making 
artificial Portland cement in England, is the one followed at 
Boulogne. 
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ABTIFICIAIi PORTLAND CEMENT. 

113. Fully nineteen-twentieths of all the Portland cement 
made at the present day is artificial. In its manufacture, either 
the wet process of England, used also in making the natural 
Boulogne Portland, or the dry process of Germany, may be fol- 
lowed. A brief and very general description of these two pro- 
cesses is given below. 

THE WET PROCESS. 

114. The works in the vicinity of London employ both the 
white and the gray chalks of that neighborhood. Exclusive of 
the flint contained in them they are nearly pure carbonate of 
lime. 

The clay is procured from the shores of the Medway and 
Thames, and the adjoining marshes and inlets. It contains 
about two parts of silica to one of all the other ingredients, 
comprising alumina, oxide of iron, soda and kali, carbonate 
of lime, &c. 

First The clay and the chalk are mixed together in the 
proportion of about 1 to 3 by weight, in a circular wash mill, 
provided with heavy harrows revolving on a vertical shaft, to 
secure the perfect reduction of the particles of chalk to an 
impalpable paste. The chalk is not allowed to mingle with 
the clay until it has passed a fine wire sieve. 

Second. When a thorough mixture is thus effected, the liquid, 
resembling whitewash in appearance, is conducted to large 
open reservoirs called backs, where it is left to settle. The 
clear water, as it rises to the surface or the heavier materials 
subside, is drained off. A portion of that which remains min- 
gled with the raw cement goes off by evaporation. 

During the time the mixture remains in the backs, samples 
are taken of it constantly and made into cement in sample . 
kilns, to test the accuracy of the proportions. If any error in 
this respect is discovered, it is corrected by new material 
washed into the backs, or by mixing together the contents of 
two or more backs. 

The time required for the contents of the backs to obtain 
sufficient solidity to bear transportation to the drying stoves 
varies with the wetness or dryness of the season. 

Third. When the raw cement mixture has attained the con- 
sistency of butter, it is taken out of the backs by shovelfulls, 
5 
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like stifif mnd, and^ in that form and condition, is removed to 
stoves heated by flues, and dried. 

Fourth. After being dried — ^although it is not necessary to 
expel all the moistare — ^it is burnt with gas coke in perpetual 
bell-shaped kilns, which are fed daily from above and drawn 
below. 

The coke and raw cement are put into the kiln in alternate 
layers, in the proportion of about one part by weight of coke 
to two of cement, and the burning must be carried to the point 
of incipient vitrification. 

When properly burnt the pieces of cement called clinker, are 
of a greenish color, and are cracked, contorted, and much* 
shrunken from the effects of the heat. 

Fifth, The cement clinker is ground between millstones to 
that degree of fineness that when passed through a No. 30 wire 
sieve, of 36 wires to the lineal inch, there shall not be a residue 
exceeding 10 per cent. 

Sixth. The cement jwwder poured into a measure, and not com- 
pacted by shaking or otherwise, should weigh not less than 106 
pounds to the struck English bushel. Some engineers exact 
110 pounds per bushel. 

Seventh. Made into a stiff paste without sand, and immersed 
in water within twenty-four hours thereafter, the sample, when 
seven days old, should sustain a tensile strain, varying with the 
different uses to which it is to be put, of from 178 to 222 pounds 
to the sectional area of one inch. Few cements weighing less 
than 100 pounds to the loose bushel will sustain this test. 

THE DRY PROCESS. 

115. By this process any of the compact limestones, as well 
as the chalks and marls, may be employed for Portland cement. 
It is well to remember in practice, however, that the consump- 
tion of power required to reduce the hard carbonates to powder, 
places them under a great disadvantage in neighborhoods 
where chalk or soft marl abounds. 

First. The raw materials — both carbonate and clay — are 
kiln-dried at 212° Fahrenheit, in order to expel the moisture and 
prevent caking in the mill, and otherwise facilitate grinding 
and sifting. 

Second. After drying, the clay and carbonate of lime are 
mixed together in suitable proportions and reduced to a fine 
powder. In most localities the proportion will be between 
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the limits of 20 to 23 per cent, of clay^ to 80 to 77 of the carbo- 
nate. 

One kind of machine will not suffice for grinding the raw 
materials economically. 

In the German manufactories three are used, viz : 

First. A stone-breaking machine, of the kind usually em- 
ployed for breaking stone for roadways, or for concrete. 
Through this the dried and mixed materials are passed, issu- 
ing therefrom in pieces not exceeding the size of a walnut. 

Second. A further reduction is eflfected by a vertical mill or 
edge runners. 

Third, The material is ground between horizontal millstones 
to a powder of such degree of fineness that 90 per cent, of it 
should pass a wire screen of eighty wires to the lineal inch. 

Third. The powdered material is then formed into a rather 
stiff paste in a brick-making machine, and made into bricks of 
suitable size for burning. During this operation there is an 
advantage in keeping the mixture warm, which may be done 
by coils of steam pipes or otherwise. 

The liquid which is added to the powder in the brick machine 
to form the paste is made by adding to 100 ponnds of water, 2J 
to 6 pounds of calcined soda, and 5 or 6 pounds of newly burnt 
slaked chalk or lime. This mixture is kept hot in a sheet-iron 
vat containing a coil of steam pipe in the bottom. It is kept 
thoroughly mixed by a revolving vertical shaft with horizontal 
arms. One hundred parts of the raw powder requires from 30 
to 35 parts of this liquid. 

Fourth. The bricks are dried by artificial means, and are 
then burnt at a high heat and ground to a fine powder, as in 
the wet process. 

The same number of mills are necessary for grinding the 
cement, as are used in pulverizing the raw materials. The 
clinker is first put into a stone-breaking machine, then into a 
vertical mill, and, lastly, is ground to an impalpable powder in 
a horizontal mill. 

116. In the largest and best-managed manufactories of Port- 
land cement in Europe, in which none but a first-class article is 
produced, there is always a competent chemist employed to 
make daily trials of the materials on a small scale, in order 
that any departure, however slight, from the best proportions 
of the ingredients, may be averted before it can occasion any 
serious injury to the average quality of aggregate yield. An 
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active competition in the business has rendered it necessary to 
leave nothing to the results of chance. 

KILNS FOB^BURNINa PORTLAND CEMENT. 

117. The most difficult part in the operation of making Port- 
land cement, by either process, is the proper application and 
management of the heat in burning. It is an easy matter to 
pulverize and mix the raw materials when either wet or dry, and 
to grind the burnt stone to a fine powder. But the mysterious 
conversion which takes place in the kiln, under a heat of suffi- 
cient intensity to make glass, is to a great extent beyond our 
knowledge, and to some extent beyond our control. 

118. All the manufactories in Germany, with one or perhaps 
two exceptions, burn the cement in intermittent kilns, which 
are about 50 feet high and 10 feet in greatest diameter. The 
kiln is filled with alternate layers of raw cement and coke, or 
coal, and then fired. About three days are required for the 
burning, and from five to eight days for the kiln to cool off so 
that it can be drawn. These kilns, judged by the quality and 
quantity of their yield, are the most expensive kind that can 
be used. They are no improvement upon those in use one 
hundred years ago, and require the most skillful management 
and supervision to produce even moderately fair results. 

119. The perpetual bell-shaped kilns used in England and at 
Boulogne, although superior to the intermittent German kilns, 
fall far short of satisfying the essential conditions of a good 
kiln. They consume too much fuel, the control of the conx- 
bustion is attended with considerable difficulty, and the results 
are liable to be to some extent uncertain. 

THE ANNULAR KILN. 

120. The amialar or ring kiln, in which the burning cham- 
ber is placed around the circumference of a circle, ellipse, or 
oval, is doubtless, in one form or another of its several modifi- 
cations, the best that has been yet devised for burning either 
cement, lime, or bricks. 

121. The Hoffmann Mln, cojisidered as a type of this class, is 
not, perhaps, inferior to any of the others, and will be briefly 
described. (See Plate IX.) 

DESCRIPTION OF THE HOFFMANN KILN. 

122. Imagine a railway tunnel, 8 to 9 feet high, by 10 to 12 
feet span, constructed round a circle or an oval of such dimen- 
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sions that, measuring round the middle line of the annular cham- 
ber thus formed, the periphery is about 350 feet. This annular 
tunnel is called the burning chamber. ^ In the centre of the 
space enclosed by the ring, is a long chamber called the smoke 
chamber, leading to a chimney 140 to 150 feet in height. This 
chimney may stand within the central space, or exterior to it. 
In the latter case a smoke flue would lead from the smoke 
chamber, under the burning chamber, to the base of the chim- 
ney. Fourteen radial flues, at equal intervals, lead from the 
burning chamber to the smoke chamber, each provided with a 
bell-shaped damper, which may be opened or closed, as required. 
There are fourteen doorways through the outer wall of the 
burning chamber, each 5 feet in height by 4 feet wide, placed 
at regular intervals. The arched top of the burning chamber 
is pierced at intervals of 3 to 4 feet, with holes about 5 inches 
in diameter, called the feed holes, which are used for supplying 
the fires with fiiel. There are about 300 of them, each closed 
with a bell-shaped cover fitting over a rim or curb, and dipping 
into sand. 

The whole should be substantially built of stone or brick 
masonry, and covered with a permanent roof. 

The burning chamber should be lined with fire-bricks when 
the kiln is intended for burning cement. 

123. Manner of using the kiln. — Let the doorways be num- 
bered from 1 to 14, counting from left to right as you enter a 
doorway, and let the fourteen flues be numbered in the same 
manner. 

When the kiln is in operation, all the doorways but two, or 
exceptionally three, are kept closed with temporary brick- work. 
Suppose only 1 and 2 to be open. Workmen are engaged in 
taking burnt lime from doorway Ko. 2, and others in conveying 
raw limestone in at doorway No. 1, and piling it up in the burn- 
ing chamber, leaving vertical openings under the feed holes and 
horizontal passages for draught, parallel to the periphery. 

It is convenient to call each portion of the burning chamber 
between two consecutive doorways a compartment, although 
there is no permanent division of the burning chamber into 
smaller chambers. 

When the kiln is in operation, usually all the compartments 
but two are filled with cement stone, in all stages from raw 
stone to thoroughly burned cement. Suppose compartments 1 
and 2 empty, and all the others filled. !N'o. 3 contains cement 
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from stone put in 12 days ago; I^o. 4 that from stone put in 11 
days ago ; and so on around to compartment 14, which was filled 
yesterday. Separating No. 14 from No. 1 is a sheet-iron parti- 
tion, as nearly as possible air-tight. This partition, called the ' 
cut-off^ is movable. Yesterday it was between 13 and 14 ; to- 
morrow it will be between 1 and 2, and so on, being moved 
on one compartment each day. All the dampers are closed 
to-day except No. 14 ; yesterday all were closed except No. 13 ; 
to-morrow only No. 1 will be open. To-day men are removing 
burnt cement from compartment No. 2, and others are setting 
raw stone in compartment No. 1. Yesterday they were setting 
stone in No. 14, and removing cement from No. 1. To-morrow 
they will be removing cement from No. 3, and filling No. 2 with 
raw stone ; so that every day the setting, drawing, cut-off, and 
open damper advance one compartment. The fires are in the 
centre of the mass, from the burnt cement end round to the 
raw stone end ; say in compartments 7 and 8 to-day, 6 and 7 
yesterday, 8 and 9 to-morrow, advancing one compartment per 
day, like the drawing and setting. 

The compartment that was in fire yesterday, say No. 6, is still 
very hot to-day, No. 5 less hot. No. 4 cooler, and so on to No. 
2, where the cement is cool enough to be handled, and men are 
removing it from the kiln, wheelbarrows, or trucks on portable 
railway tracks, being used for the purpose. 

The compartments not yet fired are heated by the hot gases 
passing through them to the chimney, the stone in the com- 
partment next the fire being at a full red heat, while that 
farthest off, which was put in yesterday, is only warm. 

The draught of the chimney is sufficient to draw air in at the 
open doorways, through the entire mass of cement and raw 
stone, to the open flue, which is the one by the cut-off. 

In passing through the burnt cement, the air takes up the 
residue of heat and becomes hotter and hotter, till, after passing 
through the cement burned yesterday, the hot current ignites 
at once the dust coal as it falls from the feed pipes, and the 
gases thus formed being carried on, mixed with air, it is proba- 
ble the stone is burned considerably in advance of where the 
coal is supplied. 

As the hot gases of combustion pass on, they give up their heat 
to the limestone, till, on arriving at the chimney, there is only 
heat enough remaining to cause a draught in a well-constructed 
chimney 140 to 150 feet in height. It is plain that all the heat 
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of combustion is utilized, except such as may escape tlirougli 
the walls of the kiln, and as the masonry is very massive, the 
loss from this cause is very slight. 

124. One peculiar feature of these kilns is, that although 
less likely to get out of order than other kilns, from the fact 
that there is no movement in the burning mass, repairs may be 
easily made without letting the fire go down. 

There are Hoffman kilns in which the fires have not been ex- 
tinguished for five years. 

One like that above described, opel'ating at Llandulas, Wales, 

produces about 80 tons or 650 barrels of common lime per day, 

at a cost of 5«., or $1 25 gold, per ton — estimating the unquar- 

ried limestone aa of no value — as follows : 

s. d, 

Gtetting stone, including toolB 1 3 

Setting 5 

Drawing 3^^ 

Burners' wages 3J 

Fuel, at 7». per ton 1 6 

Cost of producing lime 3 9 

To which is added 33 per cent, for aU expenses of management, &c. .. 1 3 

5 
Making entire cost per ton 5«., or $1 25 gold. 

The lime sells at the works for 7«. per ton, ($1 75 gold.) The 
work is generally done by the ton, and at the above prices the 
men make from Ss. to 4:8. (75 cents to $1 gold) per day. 

125. At Mexham, near Chester, England, the cost of pro- 
ducing lime is the same as the above. 

126. At Settle, in Yorkshire, where there is a Hoffmann kiln 
of about the same size, the setting, including running in the 
loaded trucks and running out the empty ones, costs sixpence 
per ton of lime, the drawing twopence per ton, the men earning 
from 38. to 3«. 6d. per day. 

127. At the current prices of labor and fuel in the United 
States, lime could be manufactured in a Hoffmann kiln at about 
$2 per ton, or between one-fourth and one-fifth of its present 
cost to consumers. 

The details of cost may be liberally stated as follows : 

Cost of quarry and plant $20,000. 
Annual yield of kiln 20,000 tons. 



\ 
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Cost per ion. 

Interest on investment JO 07 

Quarrying 65 

Setting in kiln 20 

Drawing , 15 

Burners' wages 15 

Fuel 43 

Contingent expenses, 20 per cent 33 

Cost of making one ton of lime 1 98 

128. At Bieberich, on the Ehine, a Hoffmann kiln is used for 
burning artificial Portland cement. The quantity of fuel con- 
sumed is 77 pounds to the cask of 410 pounds. The cement is 
of excellent quality. There is no chalk in the neighborhood, 
and hard limestone has to be used in its stead. 

• __ _ 

129. The cost of manufacturing Portland cement in Germany, 
all contingent expenses included, generally varies from $6 60 
to $6 70 (gold) per gross ton, and it is sold at a net profit of 40 
per cent, on the outlay. 

130. In the United States the cost would not vary greatly 
from $10 per gross ton, the works being located at the point 
of supply of the limestone, as follows : 

Estimated cost of making Portland cement in the United States hy the dry process, 

vising hard limestone and a Hoffmann kiln. 

Annual capacity of works, 30,000 barrels, or 6,000 tons. 

Interest on $40,000 investment $2,800 

9,000 tons raw limestone, delivered, at $1 50 13, 500 

2,800 tons clay, at $1 40 3,920 

1, 100 tons pea and dust coal, at $4 30 4, 730 

Salary of superintendent 2, 000 

Salary of foreman 1, 200 

Thirty-eight laborers, at $45 per month, average 20, 520 

Two burners, at $75 per month 1, 800 

Contingencies and wear and tear, 20 per cent, on above, except the 

interest 9, 534 

Total cost of manufacturing 6,000 tons 60, 004 

Cost of manufacturing one ton $10 

This estimate is believed to be a liberal one. It shows that 
Portland cement can be manufactured in this country at a cost 
less by from 12 to 14 i>er cent, than the wholesale market price 
of Eosendale, omitting the cost of barrels in both cases. 

The Portland cement weighs 410 pounds and the Eosendale 
310 pounds to the barrel. 



BfiTON AGGLOMfiRfi. 73 

131, There are nearly six hundred Hoffmann kilns in opera- 
tion in Europe, varying in size from the one above described, 
capable of producing 20,000 tons of lime per annum, to kilns 
of one-eighth, or even one-tenth of this capacity. Whether 
used for burning cement, lime, or brick, they give equal satis- 
faction, in respect to ease of management, economy of fuel, and 
uniformity of results. 
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